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NEC NEWSCOPE 



'NEXTAR” MINI EARTH STATION NETWORK. 


rivate Ku-band satellite commu¬ 
nications networks using mini 
earth stations on customer prem¬ 
ises are poised to take off in the US. 

Our advanced mini earth station 
networking system "NEXTAR” offers 
unprecedented flexibility for trans- 
action-oriented businesses typically 
using POS, ECR and ATM systems. 

The NEXTAR provides interactive 
data communications between a 
central hub and many widely-dis¬ 
persed remote mini earth stations 


in a "star" network topology. Our ex¬ 
clusive Adaptive Assignment TDMA 
system automatically assigns the 
best pathway for each data message 
to minimize response time for short 
interactive messages and increase 
throughput during long batch trans¬ 
mission. NEXTAR transparently 
interconnects existing remote ter¬ 
minals and the host's front-end 
processor thanks to its intelligent 
network features. 

The mini earth station, a 1.2 or 1.8m 


antenna with an integral RF package 
and compact indoor unit, takes less 
than a workday to install. Site selection 
and licensing are also simplified with 
the Ku-band. The central hub station 
with comprehensive monitoring, 
control and diagnostic capabilities 
can be located adjacent to a data 
center or at a shared site. 

The NEXTAR network can be 
custom-tailored to a user's exacting 
needs—data rates from 75bps to 
56Kbps plus voice and video capa¬ 
bility. It eliminates the wasted trans¬ 
mission capacity and high cost of 
traditional alternatives. 
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1.3-MICRON 

NEAX61 NOW 

OEICs FOR 

IN SERVICE AT 

GIGA-BIT LINKS. 

1,002 EXCHANGES. 

cientists at the NEC Optoelec- 
tronics Research Laboratory 
have successfully tested 
the world's first optoelectronic ICs 

ur NEAX61 digital switching 

1 1 system continues to play a 

key role in the phenomenal 


to operate in the 1.3/un band at data 
rates of 1.2Gbps. 

The optical transmitter and re¬ 
ceiver chip pair set records of a 12-km 
communication at 1.2Gbps with a 7.7dB 
margin, and 22-km transmission 
at 565Mbps with a 9.9dB margin in the 
experiment using a single-mode 
fiber. 

The new light-emitting chip incor¬ 
porates a 1.3#im DC-PBH (double-chan¬ 
nel planar buried heterostructure) 
laser diode and three InGaAsP/InP 
hetero-junction bipolar transistors on 
the same InP substrate. Modulation 
up to 2Gbps is possible in NRZ mode. 

A peak output of 20mW was marked 
at lGbps. 

The optical receiver integrates a 
PIN photo diode and three low-noise 
InGaAsP junction FETs on a single 
chip for sensitivity of - 14dBm at 
1.2Gbps. 

NEC’s new OEIC pair will be 
the ideal workhorse in medium- or 
short-distance ultra-high speed links 
including LANs, local subscriber 
loops and interconnections of com¬ 
puters and peripherals because 
it promises much lower cost and 
smaller size than prevalent discrete 
devices. 

These OEIC devices will reach the 
market within a few years. 



expansion of digital networks around 
the world. 

Since its implementation in 1979 
the NEAX61 has captured the attention 
of telecommunications administra¬ 
tors globewide for its sophisticated 
modular hardware and software, 
advanced service features, and full 
operation and maintenance support. 

Today there are NEAX61 switches 
in service at 1,002 exchanges in 
37 nations—more than 5 million 
equivalent subscriber lines in 
all. With recent orders from 
New Zealand (400,000 lines), 
Hong Kong (600,000 lines) and 
Venezuela (330,000 lines) the 

aggregate or¬ 
ders received 



NEC OPTICAL REPEATERS GO 
TRANSPACIFIC AND SUBMARINE. 


T he trend in transoceanic 
submarine cable systems is 
undeniably "optical”. The use 
of fiber optic transmission technology 
increases capacity, extends repeater 
span and ensures compatibility with 
land-based digital networks. 

Under a contract awarded by 
KDD, Japan's leading international 
telecommunications network, NEC 
is manufacturing optical submers¬ 
ible repeaters and optical terminal 
equipment for the third Trans-Pacific 
Cable (TPC-3) which will link Hawaii 
and Japan with a branch to Guam. 


The TPC-3, to be completed in 
1988 and owned by 22 telephone 
operating companies in 10 countries, 
will have two 280Mbps systems, offer¬ 
ing a total capacity equivalent to 7,560 
telephone channels—a dramatic in¬ 
crease from 138 channels with TPC-1 
and 845 channels with TPC-2. 

Incorporating our 1.3^m DC-PBH 
(double-channel planar buried heter¬ 
ostructure) laser diodes and newly- 
developed high-speed monolithic ICs, 
the optical repeaters are designed to 
maintain high reliability on the ocean 
floor at a depth up to 8,000 meters. 


NEC 





























THEULTimHTE VISION: 

EVES FOR THE BHCH OF VOUR HERD. 


To see some accidents coming, you’d have to be born with radar. But you’re 
not so GM is working to give you the next best thing. Radar for your car. The option 
to “see” all around you, all at once. It’s called Obstacle Detection.Just one of the many 
safety features GM is developing for cars of the future. 

Obstacle Detection will operate by sensors strategically placed all around your 
car which will sense and warn you of obstacles you’re approaching, giving you a 
chance to avoid them. 

At GM, we can’t prevent all accidents from happening, but we want to help you 
steer clear of as many as we can. 









mum 



PERSONAL WORKSTATIONS REDEFINE DESKTOP COMPUTING 

Compact machines link business or technical users to vast data-processing resources _ 

MANAGING COMPUTER COMMUNICATIONS 

As data networks grow more complex, companies are seeking better tools for troubleshooting 


THE PENTAGON’S WAR ON COSTS 

Innovative procurement programs are boosting industry productivity and competition 

UNITING SILICON AND GALLIUM ARSENIDE 

Chips under development combine ease of fabrication with optical capabilities and speed 

CAN JAPAN LAUNCH A COMMERCIAL AIRCRAFT INDUSTRY? 

What the Japanese have learned from Boeing could propel them into the world market 
Opinion Time to rouse the sleeping giant 


Letters Wanted: Enlightened managers; Phone features; Stereoscopic vision 

7 

Innovations Expert advice for factory managers; Flexible presses; Laser turntable 

8 

Insights Plague of the paper pushers 

11 

Business strategies Letting partners do the selling; 

Scanning the food industry; Bringing AI to business applications 

15 

Business Videotex finds a home in the office 

54 

Consumer Home-heating advances save energy dollars 

57 

Microcomputers Turning microcomputers into fax machines 

60 

Industrial Industry warms up to microwave ovens 

62 

Resources 

64 

Military/Aerospace Staying in touch with subs 

66 

Perspectives AI aids communications networks; Turning antibodies into catalysts 

68 

TechStarts Epitaxx; Aries Technology; Productivity Products International 

71 

Investments Biotech instrumentation: A profitable niche 

72 

Cover David Nelson, Vice-President & Chief Technical Officer, Apollo Computer. Photo by Lou Jones. 

Bill Joy, Cofounder & Vice-President for R&D, Sun Microsystems. Photo by Clark Dunbar. 


COPYRIGHT © 1987 by High Technology Publishing Corporation. All rights reserved. Editorial and executive offices at 38 Commercial Wharf, Boston, MA 02110. HIGH TECHNOLOGY (ISSN: 0277- 
2981) is published monthly by High Technology Publishing Corporation, 38 Commercial Wharf, Boston, MA 02110, and is intended for persons who hold technology-management and related positions. No 
without complete identification, including subscriber name, title, job function, company or organization name, and primary activity of company or organization. Publisher reserves right 
diether qualified or nonqualified price applies. U.S., U.S. possessions, and Canada qualified rate: 12 issues $30, 24 issues $60,36 issues $60, payable in U.S. currency. Nonqualified U.S. and 
Canada: 12 issues $40. All other countries: 12 issues $60, payable in U.S. currency. All subscription correspondence should be addressed to David Patterson, HIGH TECHNOLOGY Magazine, P.O. Box 2810, 
Boulder, CO 80322,1-800-626D643. Please allow six weeks for change of address. Include your old address as well as new and, if possible, enclose an address label from a recent issue. Second class postage paid 
at Boston, MA, and additional mailing offices. Postage paid at Mississauga, Ontario. POSTMASTER: send address changes to HIGH TECHNOLOGY Magazine, RO. Box 2810, Boulder, CO 80322. Material in 
this publication may not be stored for electronic distribution or reproduced in any form without permission. Request for permission should be directed to Permissions Manager, HIGH TECHNOLOGY, 38 
Commercial Wharf, Boston, MA 02110. High Technology is a registered trademark of High Technology Publishing Corporation. 


HIGH TECHNOLOGY/MAR 1987 3 

















































If you’re like many manufacturers, you auto¬ 
mate work centers one at a time, as the need arises. 

Your goal is productivity. And, potentially, 
such “islands of automation” are the answer. 

But if you can’t control the work flow between 
them, they may never achieve their promise. 

For efficient and flexible production in small 
lot sizes, the work pieces, work orders, parts pro¬ 
grams and tooling must all arrive together. And 
that demands data which must be collected from 
every point in the enterprise and then made 
available in a useful form. 

To make that happen, you need Computer 
Integrated Manufacturing (CIM)—the use of the 
computer to coordinate activities from market 
forecasting and engineering through production 
and distribution. 

IBM offers special resources to meet the 
CIM challenge: Host computers that work easily 
with other computers. Communication architec- 





automation, 


tures that allow elements of 
the system to work together 
reliably. Software that helps a 
plantwide multicomputer system 
respond rapidly to changing plant 
conditions. 

And industrial IBM Personal 
Computers which can be connected to 
the host computer, providing decision 
support to managers anywhere in the plant. 

If you plan for CIM now, you can automate 
center by center. Later, when you’re ready, you 
can tie these centers together in an integrated 
system to unlock the full productivity of your 
investment in automation. 

To find out more, contact your IBM 
marketing representative. Or for free literature, 


call 1800 IBM-2468, Ext. 95. Or write IBM, 


Department KJ/95-DRM, 400 Parson’s Pond — 

Drive, Franklin Lakes, New jersey, 07417. Computer Integrated Manufacturing 



Opinion 




TIME TO ROUSE THE SLEEPING GIANT 


t one time American manufacturers had the U.S. marketplace 
almost to themselves. But many nations with growing industri¬ 
al economies began to look beyond their own borders, and were 
lured by the huge potential of the U.S. market. Cheaper labor 
gave them some advantage, but to truly compete, they still had to 
match or exceed the technological advantages of U.S. companies. 

Now this is happening. Japan and, more recently, Korea, Taiwan, 
and other nations moving up the technological scale have become 
world-class competitors. Yet the U.S. has done little to adjust its sys¬ 
tem to this new global marketplace. 

As a result, American manufacturers 
face some severe handicaps. They of¬ 
ten produce goods on machinery that is 
older and less efficient than that of 
their new competitors. They pay much 
higher wages, and must hew to tough¬ 
er regulations—on pollution and safe¬ 
ty, for example. Not surprisingly, more 
and more products bought by U.S. con¬ 
sumers are made overseas. Here are a 
few things the U.S. needs in order to 
increase its competitiveness: 

• Modem, smoothly working fac¬ 
tories and offices that make effective 
use of available technology. 

• Low-cost capital, to provide indus¬ 
tries that must modernize with the equipment and plants they need. 

• An efficient, well-trained workforce, hardworking and dedicated to 
the success of their organizations. 

• Enough technically trained managers and professionals to keep in¬ 
dustry innovative and competitive. 

• Skill at moving innovative ideas from the lab to the workplace. 

• Policies that encourage innovative new enterprises, particularly in 
the emerging technologies that will be tomorrow’s growth industries. 

This list is a far cry from today’s actual U.S. agenda. Many industry 
leaders continue to conduct business as usual, or they close domestic 
plants and move manufacturing offshore. Government “leaders” focus 
on the wrong issues, seemingly unaware of the real problems. 

For example, over 200 small biotech companies have sold their inno¬ 
vative technologies—at a minimal price—to overseas conglomerates in 
order to stay afloat (a repetition of the pattern for innovative semicon¬ 
ductor technologies). Congress has passed legislation lowering tax 
rates in spite of fast-rising deficits, doing almost nothing to remove the 
tax system’s bias toward borrowing rather than saving, and removing 
incentives for capital spending. Rather than choosing a technology ad¬ 
viser, the President has selected a science adviser with a space-pro- 
gram background, who can serve as point man on SDI. 

Our economy has been propped up for several years now by exces¬ 
sive federal deficits, paid for in large part by borrowing from overseas. 
Yet a strong U.S. economy is as important to those selling into our 
market as it is to American citizens; our trading partners often express 
amazement at the ineptitude of U.S. leadership in dealing with obvious 
economic problems. Fortunately, there is a lot of resilience left in the 
U.S. economy. Let’s wake the sleeping giant before it’s too late. 



Robert Haavind 
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A full-featured phone 


In “Phone security for the rest of us” 
(Nov. 1986, p. 60), you refer to Motorola’s 
government secure telephone unit (STU-3) 
as a “no-frills version” deskset. But the 
STU-3’s speed dialing, selectable voice/ 


market. 

Kevin G. Harding, Senior Researcher 
Advanced Manufacturing 
Technologies Laboratory 
The Industrial Technology Institute 
Ann Arbor, Mich. 


We welcome comments from our readers. 
Please address letters to Editor, High Technol¬ 
ogy, 38 Commercial Wharf, Boston, MA 02110. 
Or send to MCI Mailbox: HIGHTECHLET. 
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amazement at the ineptitude ot U.b. leadership in dealing with obvious 
economic problems. Fortunately, there is a lot of resilience left in the 
U.S. economy. Let’s wake the sleeping giant before it’s too late. 
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Letters 


Wanted: Enlightened 
managers 

In “Seeing the light in manufacturing” 
(Oct. 1986, p. 13), Ronald C. Reeve chose 
to ignore what should have been obvious 
during his travels in Japan and the U.S.— 
it is more productive to have young and 
experienced people work as a team in¬ 
stead of replacing one with the other. It is 
also far more practical for a company to 
keep experienced people up to date 
through continuing education than to try 
solving problems by turning over the 
staff. With such policies, companies can 
gain more value from their experienced 
employees, and immediate contributions 
from their new people, instead of waiting 
“five to ten years.” 

Leonard R. Kasday 
East Windsor, N.J. 

Reeve states that manufacturing engi¬ 
neering staffs “are simply unable to re¬ 
spond to the challenges that manufactur¬ 
ers now face,” and that we should “relax 
and let this new generation of manufac¬ 
turing engineers lead us back to com¬ 
petitiveness.” 

I have worked primarily as an industri¬ 
al engineer for 20 years and have found 
that the major roadblock to improving 
productivity is the rigid attitude of man¬ 
agers. No engineering staff can lead a 
foot-dragging management to places that 
it does not want to go. 

Regardless of the engineers’ genera¬ 
tion, only management can create an at¬ 
mosphere that encourages individuals to 
contribute creative ideas that increase 
productivity. A new managerial ap¬ 
proach—the deliberate pursuit of 
change—is critical to the resurgence of 
American manufacturing competitive¬ 
ness. 

Gregory B. Gardner 
Ojai, Cal. 

A full-featured phone 

In “Phone security for the rest of us” 
(Nov. 1986, p. 60), you refer to Motorola’s 
government secure telephone unit (STU-3) 
as a “no-frills version” deskset. But the 
STU-3’s speed dialing, selectable voice/ 


data modes, plain old telephone (POT) op¬ 
eration without power, adjustable data 
rates, and programmable configurations 
hardly sounds like no-frills. 

Timothy Hall, FSVS Marketing Manager 
Motorola Government Electronics Group 
Scottsdale, Ariz. 


Keeping an eye 
on stereoscopic vision 

“Two-eyed robots” (Nov. 1986, p. 64) 
made some good points regarding the 
need for 3-D vision. Many problems with 
inspection, measurement, and guidance in 
industry that are inherently 3-D could be 
corrected with the addition of some de¬ 
gree of depth-perception information. 
However, I believe that the conclusion of 
your article—that stereoscopic vision is 
the way to go—is premature. 

One limitation of stereoscopic vision is 
that it typically relies on key features in 
the scene to correlate images from the 
two cameras’ perspectives. In areas with 
no distinct features, there can be no ste¬ 
reo matching. This is true for parts such 
as stamped metal or plastic panels. More¬ 
over, the correlation operation used in ste¬ 
reo matching is difficult to effect, because 
different perspectives of the same object 
may appear much different or may actual¬ 
ly present different features due to 
obscurities. 

Another limitation of stereo viewing is 
imposed by the geometry and resolution 
of the cameras. Viewing an object that is 
far away (compared to the depth varia¬ 
tions in the object and the separation of 
the cameras) will often present an image 
pair with no distinct differences. (Look at 
a distant tree out your window). 

Another way to sense distance is 
through a laser range finder. Because it 
does not require two different views of an 
object, it can look down a hole where two 
lines of sight would be impossible. This 
system has been used for some time for 
looking at distant military targets; sever¬ 
al commercial versions are already on the 
market. 


"Gears" was the first-place winner in the 
experimental category of NCGA’s Com¬ 
puter Graphics ’86 International Computer 
Animation Competition. 


A graphic overstatement 

In “Graphics conference on videotape” 
(Dec. 1986, p. 6), you state that Siggraph 
is “the computer graphics industry’s lead¬ 
ing exposition.” However, each year the 
National Computer Graphics Association 
(NCGA) sponsors an exposition with more 
exhibitors, floor space, and attendees 
than any other computer graphics exposi¬ 
tion. Last year NCGA’s Computer Graph¬ 
ics ’86 attracted 35,000 people, 266 exhibi¬ 
tors, and covered 135,000 square feet. 
Siggraph ’86 attracted 22,000 people, 250 
exhibitors, and covered 105,000 square 
feet. The major companies that attended 
our show and were missing from Sig- 
graph’s were Applicon, CalComp, Com- 
tal/3M, IBM, ISSCO, McDonnell Douglas, 
Polaroid, and Tektronix. We expect simi¬ 
lar success at Computer Graphics ’87 in 
Philadelphia on March 22-26. 

Phillip S. Mittelman, President 
National Computer Graphics Association 
Fairfax, Va. 


On p. 19 of “The electronic mailbox: As close as 
your PC” (Jan. 1987), captions for two photo¬ 
graphs were swapped—GE’s Norman McBur- 
ney and Coopers and Lybrand’s Walter Ulrich. 



Kevin G. Harding, Senior Researcher 
Advanced Manufacturing 
Technologies Laboratory 
The Industrial Technology Institute 
Ann Arbor, Mich. 


We welcome comments from our readers. 
Please address letters to Editor, High Technol¬ 
ogy, 38 Commercial Wharf, Boston, MA 02110. 
Or send to MCI Mailbox: HIGHTECHLET. 
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Expert advice for 
factory managers 


D n making decisions on factory opera¬ 
tions, manufacturing executives of¬ 
ten need to juggle a large number of 
variables. Computerized models can 
simulate the effects of different variables 
on the functioning of a plant, but most ex¬ 
ecutives lack the time and expertise to run 
them. A new artificial intelligence pack¬ 
age may remedy the situation. Called Op¬ 
erations Advisor, it reportedly helps man¬ 
agers make production decisions quickly 
and with a minimum of fuss. The new 
package, from Palladian Software in 
Cambridge, Mass., is an expert system, 
containing knowledge gleaned from spe¬ 
cialists and a set of rules for applying that 
knowledge. Geared to executives from 
plant engineers on up—in industries that 
manufacture discrete products (as op¬ 
posed to materials)—the Operations Advi¬ 
sor sells for $136,000 and runs on special- 
purpose processors from Symbolics and 
Texas Instruments. 

The user enters details like product lot 
sizes and cost per unit, the number and 
types of workstations, the time each 
needs to finish a task, and the hours 
they’re scheduled to run. Because the pro¬ 
gram is designed to account for the fluc¬ 
tuations and uncertainties typical of man¬ 
ufacturing, it accepts the highest, lowest, 
and most likely figures for a given vari¬ 
able, and can incorporate such nuances as 
the cost differences between, say, the sec¬ 
ond shift on Monday and the first shift on 
Saturday. The Operations Advisor can 
then determine, for example, how much it 
will cost the plant to increase output, or 
what effect a new robot may have on the 
overall operation. At the same time, it 
may identify potential problems the user 
might have overlooked, such as the effect 
that changes in one product may have on 
another product that shares the same 
workstations. 

Since it’s meant for a manfucturing ex¬ 
ecutive and not a computer expert, the 
program is menu-driven, requiring no spe¬ 
cial commands. In fact, says Palladian 
vice-president Themis A. Papageorge, it 
comes without a user manual; it’s de¬ 
signed to explain itself in everyday 
language. 


Flexible presses 
stamp out cars 

Q s competition in the auto industry 
heats up, carmakers are trying to 
develop new models faster and 
more efficiently, as well as to at¬ 
tract customers through limited-edition 
models that may differ substantially from 
standard designs. Recognizing this trend, 
Asea Pressure Systems (Birmingham, 
Mich.) has developed new sheet-metal 
stamping presses that make small pro¬ 
duction runs more economical and allow 
designs to be changed faster than with 
conventional methods. The company’s 
Plexforming system requires only one die 
half, saving manufacturers the time and 
cost of making two precisely matched 
halves. 

Replacing the second die half is a flexi¬ 
ble diaphragm backed by a reservoir of 
hydraulic oil that, when pressurized, 
forces the sheet metal to conform to the 
shape of the die. Flexforming has been 
used to make small parts since the 1950s, 
but Asea has adapted the technique to its 
high-pressure Quintus presses, which are 
big enough and sturdy enough for stamp¬ 
ing the large, complex parts needed in the 
auto industry. 

According to Asea, Flexforming per¬ 
mits a wider variety of shapes, since it can 
reproduce contours and cavities not possi¬ 
ble with rigid die halves that must engage 
and disengage. The company also claims 
that the technique reduces the time need¬ 
ed to prepare dies for limited-run parts 
from several months to a few weeks and 
cuts the cost of stamping parts for proto¬ 


types (much of which stems from getting 
the two die halves to mesh perfectly) by as 
much as 90%. However, says Nilsson, the 
method loses its cost-effectiveness when 
a large number of parts are needed, be¬ 
cause it cannot match the speed of con¬ 
ventional sheet-metal presses. 

Germany’s BMW and Sweden’s Saab 
have already begun to use Flexforming, 
and Asea says it is now talking to major 
automakers in the U.S. 

Laser turntable 
saves record wear 

D he age of digital audio may be loom¬ 
ing, but don’t throw out your old 
LPs yet. The scourge of vinyl rec¬ 
ords is the stylus, which exerts a 
pressure of 20,000 pounds per square 
inch, wearing down the tracks and grind¬ 
ing dust into the surface. To remedy this 
problem—and the attendant loss of sound 
quality—a turntable developed by Finial 
Technology in Sunnyvale, Cal., eliminates 
the stylus. Instead, it plays records with a 
low-power laser, £ la compact discs. 

As laser light strikes the vinyl surface, 
it is modulated by the waveform embed¬ 
ded in the groove. The analog signal car¬ 
ried by the reflected light is then read by 
an optical detector. Tracking is accom¬ 
plished by high-speed servo-controlled 
mirrors that keep the laser beam locked 
onto the groove even if the turntable is 
jolted, or if the record is warped. 

Finial’s marketing manager, Michael 
May, says the turntable not only helps 
keep new records in mint condition but 
makes worn discs sound better. A stylus, 



Workers at Saab in 
Sweden remove a car 
roof panel as it exits 
Asea’s Flexforming 
press. The use of a 
single die half (be¬ 
neath the panel) al¬ 
lows short-run mod¬ 
els to be produced 
faster. 
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he says, wears down only the portion of 
the groove walls that it actually touches. 
But the laser pickup reads the entire 
groove, including the part that a stylus 
has left intact. The result is a cleaner 
signal. What’s more, says May, small 
scratches or dust particles produce virtu¬ 
ally no noise, and larger defects register 
only as a brief click. 

The turntable, scheduled for release 
this month, provides such audiophile per¬ 
formance at an audiophile price: $2500. 

Industrial-strength 

Velcro 


S crews and rivets may join children’s 
shoelaces in the list of standard fas¬ 
teners being supplanted by Velcro. 
In a new, heavy-duty version of the 
familiar bristles-and-fuzz, a pad of woven 
stainless-steel wire is engaged by an ar¬ 
ray of novel metal hooks developed by 
Foster-Miller (Waltham, Mass.). As in 
conventional nylon Velcro, the hooks 
readily snag the loops, allowing the pieces 
to stick together on light contact. 

Employing techniques similar to those 
used to make integrated circuits, Foster- 
Miller has fabricated hooks in several 
shapes—such as Js and arrowheads—us¬ 
ing strong, heat-resistant metal alloys. 
The resulting structure, whose manufac¬ 
ture the company hopes to license, has 10 
times the sticking power of nylon Vel¬ 
cro; it takes a force of more than 100 
pounds per square inch to pull the two 
halves apart. In some cases, says senior 
staff consultant Paul J. Marinaccio, the 
metal Velcro is strong enough to replace 
ordinary metal fasteners for holding 
pieces of a product together. And it’s par¬ 
ticularly suitable for automated assem¬ 
bly, he says, because a robot can slap Vel¬ 
cro in place much more easily than 
inserting a screw. 

The tight bond exacts a cost, however: 
each time the pieces are separated, some 
of the loops or hooks break. Thus while 
nylon Velcro lasts for many thousands of 
cycles, says Marinaccio, the metal version 
wears out after only a dozen or so cycles. 
But for many products, he maintains, 
such a limitation is unimportant: “How 
many times are you going to take apart 
your washing machine?” 


Metal plating 
with salt_ 

0 novel coating technique can plate 
metallic or insulating materials 
with a wide range of metals, includ¬ 
ing ultrahard, heat-resistant (re¬ 
fractory) elements such as tungsten and 
titanium. The process, being developed by 
MIT materials science and engineering 
professor Donald Sadoway, has several 
advantages over existing methods. Elec¬ 
troplating, for example, works only on 
conductive materials and cannot deposit 
most refractory metals; and vapor deposi¬ 
tion, which avoids these shortcomings, re¬ 
quires a vacuum, corrosive gases, and 
temperatures as high as 900° C. 

In the MIT process, the metal to be de¬ 
posited is dissolved in molten salt (typical¬ 
ly 300-400° C), and the piece to be coated is 
immersed in the hot bath. Cooling the salt 
forces some of the metal to crystallize out 
of solution, forming a thin, even film that 
chemically bonds to the submerged sur¬ 
face. One potential application is to metal¬ 
lize ceramic so that it can be attached to 
metal parts with conventional brazing 
techniques; the metal-to-metal bond could 
survive repeated temperature cycling bet¬ 
ter than a ceramic-to-metal connection. 
Another possible use is in coating soft or 
corrosion-prone metals with more durable 
ones. Sadoway says that commercializa¬ 
tion of the technique is being pursued by 
MIT’s Technology Licensing Office. 

Imager monitors 
the bloodstream 

Q ccurate measurement of blood flow 
is invaluable in pinpointing circula¬ 
tory disorders. Yet the standard im¬ 
aging methods have serious draw¬ 
backs. For example, angiography, in 
which injected dyes are tracked by x-ray, 
is highly invasive; and in ordinary ultra¬ 
sonic imaging, which is noninvasive, de¬ 
fects such as constrictions are often hard 
to detect, and arteries can’t be distin¬ 
guished from veins. Now, an enhanced ul¬ 
trasonic technique developed by Quantum 
Medical Systems (Portland, Ore.) can indi¬ 
cate the flow’s speed—making defects 



OAD-1 imaging system displays arteries 
in red, veins in blue. The lighter the 
color, the faster the blood flow. 


easier to spot—as well as its direction. 

Like conventional ultrasonic imaging, 
the new method, known as angiodynog- 
raphy, uses a hand-held transducer that 
emits megahertz-range sound waves into 
body tissue and forms images from the 
echoes. But angiodynography goes a step 
farther. A computer examines the doppler 
shift in the echoes from the blood¬ 
stream—the changes in frequency that 
occur as the stream moves toward or 
away from the transducer—and then 
adds color, to show the motion of the 
blood. In the resulting real-time images of 
vessels, blood moving away from the 
transducer (in the arteries) is colored red, 
and blood moving toward it (in the veins) 
is colored blue. Defects are signaled by 
paler or darker color, which signifies fast¬ 
er or slower blood flow. 

One user of Quantum’s QAD-1 angio¬ 
dynography system, W. Dennis Foley, 
professor of radiology at the Medical Col¬ 
lege of Wisconsin, says the technique not 
only allows constricted or blocked vessels 
to be located faster and more accurately 
but makes small vessels easier to see. He 
adds that it is especially useful in deter¬ 
mining whether an organ transplant has 
been accepted (as shown by an increase or 
decrease in blood flow) and in making pre¬ 
operative evaluations of blood vessels, 
such as those that will be used in heart by¬ 
pass surgery. 

Since July 1986, says Ray Powis, Quan¬ 
tum’s marketing manager, some 20 sys¬ 
tems have been sold, at $175,000 each. 
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Locate In Scotland. 

THE CENTRE OF EUROPEAN ACHIEVEMENT. 



Scots speak many languages. They have their own dialects, Edinburgh Prolog, Logo and 
Hope, compiled at a University which has nurtured innovation for four hundred years. 
Quadrangles which once echoed to the voices of Kelvin and James Clerk Maxwell now 
ring with the sound of signal processing and image analysis. Scientists explore sensory 
robotics and silicon logic. IBM, Digital Equipment, Motorola and Hewlett-Packard have all 
taken their place in Silicon Glen guaranteeing them access to future generations of systems 
designers and quality engineers. Forty-three thousand people have trebled the value of 
Scottish electronics in recent years. Over half of the US electronics industry leaders are in 
Scotland, thriving and expanding; five of the top six information systems companies are 
also there. Integrated circuits and workstations, ultrasound and fibre optics are sold to the 
world from this compact country. Scotland extends its welcome to join a community where 
over three hundred companies speak your language—the language of advanced technology. 
Come to Scotland and you’ll never look back. 



THE SCOTTISH DEVELOPMENT AGENCY, THROUGH A SINGLE ENTRY POINT, OFFERS U.S. COMPANIES ALL THEY NEED TO KNOW ABOUT 
LOCATING IN SCOTLAND. CALL TOLL-FREE 1-800 THE SCOT, OR SEND YOUR BUSINESS CARD TO I LANDMARK SQUARE, SUITE 810, STAMFORD, CONNECTICUT 06901. ■ 
TEL: (203) 32S 8S2S. SDA OFFICES ALSO IN HOUSTON, CHICAGO AND SAN FRANCISCO. 







INSIGHTS 


PUGUi OF THE PAPER PUSHERS 

Lee A. Iacocca 

Chairman And Chief Executive Officer 
Chrysler Corp. 


f nothing else, Ivan Boesky has fired 
up the debate over the value of corpo¬ 
rate raiders and their camp follow¬ 
ers, the arbitrageurs. Are these guys 
really Robin Hood and his Merry Men, as 
they claim to be? Or are they Genghis 
Khan and the Mongol hordes? 

All I know is what I see, and what I 
don’t. 

I see billions of dollars tied up in new 
corporate debt to keep the raiders at bay 
while research and development goes 
begging. I see billions going for green¬ 
mail that ought to be building new, high 
tech factories. I see confidence in Wall 
Street’s integrity lower than at any time 
since the big crash. 

I also see a huge share of America’s 
best management talent wasted on take¬ 
over games when it should be devoted to 
strengthening the industrial base of the 
country. 

But I don’t see the raiders creating 
jobs. I don’t see them increasing produc¬ 
tivity. And worst of all, I don’t see them 
doing a thing to help America compete in 
the world. 

I hear their holier-than-thou pitch about 
making companies more efficient, lique¬ 
fying capital, and defending the helpless 
stockholder. But a funny thing happens to 
these dedicated missionaries once you 
cross their palms with a little dough— 
they go away! 

If these people are really interested in 
saving American business from its incom¬ 
petent management, where were they 
back in 1980 when Chrysler was flat on its 
back? One thing I never had to worry 
about in those days was a raider coming 
around, because Chrysler wasn’t worth 
looting. 

The typical takeover target isn’t a com¬ 
pany in trouble. It’s a company with a sol¬ 
id asset base, low debt, consistent profits, 
and a few bucks in the bank to diversify 
or get through the next business down¬ 
turn. 

When I went to school, we called that 
“good management.” Today it makes you 
fair game. Choosing to modernize your 
factory instead of increasing your divi¬ 
dend might make good business sense, 
but it’s also like putting fresh blood in the 
water: it draws the sharks. So when the 
raiders and the “arbs”—people who buy 



huge chunks of stock to hold for a couple 
of days or weeks, looking for a windfall— 
get involved, you’re forced to do things 
that make no business sense at all just to 
stay alive. 

My interest in all this started getting 
too close to home this fall when two of 
Chrysler’s biggest suppliers, USX and 
Goodyear, found themselves “in play.” 

It’s hard to exaggerate the importance 
of suppliers in my business—especially 
the ones providing the steel and rubber. 
They’re really “partners.” A supplier who 


Management talent is 
spent on takeover games 
instead of on strengthening 
the industrial base. 


doesn’t make his commitment can shut all 
our factories down in just a few days. 

So naturally I got worried. I didn’t 
know what the raiders had in mind for my 
partners. Were they just going to grab 
the assets and run? Were they going to 
pocket the R&D budget? Did they give the 
slightest damn about servicing me? Did 
they even know one single thing about my 
business, and how important these suppli¬ 
ers are to me? 

Maybe the biggest question of all: 
would they force me to go overseas for 


materials I’d rather see produced by 
American workers? 

I still don’t know the answers. 

Goodyear managed to survive the raid. 
It only cost them $2.6 billion. They’ll just 
have to sell off a few subsidiaries, close 
some plants, put some people on the 
street, and load their balance sheet with 
new debt. Meanwhile, Sir James Gold¬ 
smith, the guy playing Robin Hood, said, 
“I’m walking out of this with my head 
held high,” after aborting his raid. Maybe 
the cool $90 million or so he got in green¬ 
mail helped him keep his head high. 

No doubt about it, the raiders push up 
stock values and make some people (most¬ 
ly themselves) a great deal of money. But 
if quick paper profits replace long-term 
competitiveness as the prime reason to in¬ 
vest in American industry, then I don’t 
want to think where we’re heading as a 
nation. 

The people getting rich in a hurry in 
America today are not the ones putting 
more efficiency into our factories or mod¬ 
ernizing our steel mills; they are these pa¬ 
per pushers on Wall Street. 

American entrepreneurship, which 
used to be based on building better 
mousetraps, seems to be giving way to le¬ 
veraged buy-outs and junk bonds. It’s be¬ 
coming a great big Monopoly game with 
real money. 

If this keeps up, Wall Street is going to 
foul its own nest, and we’ll all be the los¬ 
ers. The American securities market lu¬ 
bricates our whole economy. We can’t af¬ 
ford to smother it with too many 
regulations, but we also can’t afford to let 
it be manipulated by people out for a 
quick and dirty buck. 

Mr. Boesky has guaranteed that Con- 
will take a close look at Wall Street 
this session. It’s time to at least slow 
down the action. One good idea I’ve heard 
involves a waiting period: make somebody 
wait six months after they buy stock be¬ 
fore they can vote it. Most raiders won’t 
tie up their money that long. They’re not 
risk takers at heart. They only bet on sure 
things. 

And a waiting period is fair. We make 
people register to vote a month or two in 
advance because we don’t even want our 
dogcatcher to be elected by somebody 
who happens to be passing through town 
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SELL HIGH g 

Why is Oklahoma such a bargain 
right now? Ask companies like 
Wall Street Journal. Weyerhaeuser. 

Gulfstream Aerospace. Or 3M. 

They’ll tell you that the reason is 
the cost of operating a business in 
Oklahoma is too attractive to ignore. 

They’ll point to other reasons, like the 
price of land, which is significantly 
lower. Or industrial and office space 
rates, which are almost half the 
national average. They’ll tell you 
that taxes, energy costs, wage scales, 
work stoppages and transportation 
costs are lower, too. All good 
reasons why they’re positioned for 
greater profitability in Oklahoma, 
where higher productivity and 
central location means a higher 
overall return on their investment. 

Call Grover Phillips, Director- 
Industrial Division, Oklahoma 
Department of Commerce at 
1-800-443-OKLA today. Discover 
how to get into position by making 
the right move, into the right place, 
right now. Oklahoma. 



DEPARTMEN t\(oF O M M E R C E 


Positioned for Profit. 

Call toll-free: 1-800-443-OKLA 
In Oklahoma call: 405-843-9770 

6601 Broadway Extension, Suite 209 
Oklahoma City, OK 73116-8214 Telex: 350352 

Circle No. 12 on Reader Service Card. 



on a bus. I don’t want American business 
controlled by people who ride through in 
the middle of the night with a fistful of 
stock certificates that they intend to sell 
first thing in the morning. 

Corporate raiders talk piously enough 
about making American business more 
efficient, but what they have in mind is 
rape. And that often makes businessmen 
too nervous to think about the legitimate 
and sensible acquisitions and mergers 
that can actually help companies become 
more productive and competitive. 

I know because we’ve been trying to di¬ 
versify Chrysler for the past couple of 
years. We’ve made four friendly acquisi¬ 
tions and we’re looking for more. 

But we’re not going to kidnap anybody 
into the family. When I paid off the feder- 


Raiders talk piously about 
making American business 
more efficient, but what 
they have in mind is rape. 


ally guaranteed loans three years ago, I 
said, “Chrysler borrows money the old- 
fashioned way: we pay it back.” Well, 
when it comes to courting, we like to do it 
the old-fashioned way, too—we like to 
knock on the front door with candy and 
flowers. 

These days, though, with all these raid¬ 
ers running loose, everybody is scared to 
answer the door. Even a simple phone call 
can send a company to battle stations. 
And if you say you’d like to stop by and 
talk, they fill the moat and pull the 
drawbridge. 

Companies are paranoid today, and you 
can’t blame them. CEOs are trying to plan 
ahead while they’re looking over their 
shoulders. Some of them are spending 
more time fighting off the raiders who 
are trying to take over their companies 
than they are fighting off the Japanese 
and Germans who are taking over their 
markets. 

That’s no way to run a business, and 
that’s sure as hell no way for America to 
compete. □ © LA. Times Syndicate 










Do Not Attempt Without 
CompuServe. 


Get all the facts as fast as 
the experts do before you 
try to tame the market. 

Without accurate, up-to-the-minute 
data you can easily get taken for a ride on 
Wall Street. That’s why it’s important to get 
your hands on CompuServe. The fastest, 
most reliable source of comprehensive 
financial data available. 

Now, just like Wall Street’s most pres¬ 
tigious firms, you can check out a tip or 
find a hot, money-making lead in a matter 
of seconds. Investigate any area of interest. 
Or scan CompuServe’s financial news 
highlights to find new areas to investigate. 
Including... 

Continuously updated quotes on over 
10,000 issues. 

MicroQuote II—12 years of daily 
historical prices, along with dividends, 
splits, distributions and interest payments 
on more than 90,000 stocks, bonds, 
mutual funds, options, foreign exchange 
rates and hundreds of market indexes. 


Graph trends quickly online. Review 
your portfolio performance, investigate 
returns in bull and bear markets. Screen 
for stocks to buy, or transfer prices and 
dividends to your microcomputer for 
detailed analysis. 

Standard & Poor’s descriptive informa¬ 
tion on over 3,000 companies. 

Value Line Data Base II—extensive, 
fundamental data for analyzing the perfor¬ 
mances of over 1,800 major corporations. 
Disclosure II—descriptive and financial 
information from the SEC filings and 
annual reports of over 8,500 companies. 
Institutional Broker’s Estimate System 
(I/B/E/S)—earnings projections from 
top research analysts on over 3,000 widely 
followed companies. 

You can also research technical market 
trends, review economic projections and 
high-powered market analyses. Get expert 
advice on retirement, financial planning, 
managed accounts, taxes and insurance. 
Evaluate your own portfolio, even connect 
to a variety of at-home banking and 
brokerage services. 


And all this comes with CompuServe’s 
base of news, weather, telecommunications, 
special interest and entertainment services. 

Compare CompuServe’s rates to the 
cost of expensive floppy-based sources. 
Compare our up-to-the-minute delivery 
to time-consuming publication research. 
Compare the depth and breadth of our 
virtually infinite databases to any other 
source of investment information. 

Then see your nearest computer 
dealer for a CompuServe Subscription 
Kit. Suggested retail price is only $39.95 
and includes $25 of online time. 

For more information or to order direct, 
call or write: 

CompuServe 

Information Services 
RO. Box 20212 
5000 Arlington Centre Blvd. 

Columbus, OH 43220 

800-848-8199 

In Ohio, call 614-457-0802 
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SCIENCE SCOPE 


A searchlight nearly as bright as the sun helps police capture suspects at night. The Nightsun® 
searchlight is the most powerful ever developed for lightweight helicopters. With enough illumination 
to read a newspaper at 1,500 feet, it provides more than 30 times the power of previously used 
searchlights. Whereas traditional searchlights focus their light at the center of a beam, the Nightsun 
light equalizes its light across a 100-foot circle. Even fringe areas are fully lit, so that darkness no 
longer provides cover to vandals, burglars, auto thieves, and drug traffickers. Spectrolab, a Hughes 
Aircraft Company subsidiary, has produced Nightsun systems for over 300 helicopters in 80 percent of 
U.S. police agencies. 

A hand-held infrared viewer helps reduce losses for a large insurer of boiler machinery. Insurance 
company engineers use Hughes’ Probeye® infrared viewer to survey plants of applicants and 
policyholders. The Probeye viewer sees heat the way a camera sees light, converting it instantly into an 
image seen through the eyepiece. Inspectors check for potential hazards in piping systems, electrical 
connections, and pressure vessels. Infrared viewers are valuable tools for paper manufacturers, too. 
Moisture in paper sheets must be monitored continually during processing, since sharp differences can 
result in serious defects. The viewers pick up temperature changes caused by varying moisture 
conditions, enabling operators to stop the process and make corrections. 

Now in “storage” in a 22,300 mile-high orbit, Mexico’s second communications satellite is awaiting the 
day in about three years when it will be called into service. Morelos B, one of the Hughes HS 376 lines 
of satellites, has undergone routine testing. It will serve as a spare for several years because the first 
Morelos spacecraft now provides sufficient coverage for Mexico’s communication needs. The Morelos 
satellites are the first HS 376 spacecraft with expanded capabilities of operating simultaneously in two 
frequency bands, the C- and Ku-bands. 

A new electronic “road map” will enable pilots of helicopters and small tactical fighters to fly safely 
over unfamiliar territory without the need to wrestle with flight charts. The Integrated Terrain Access 
and Retrieval System (ITARS), under development by Hughes for the U.S. Air Force, will display color- 
coded surface features and man-made structures. By touching a button, the pilot can show terrain data 
in look-down or look-ahead views. The system will share its stored data with other systems aboard the 
aircraft to aid in navigation, terrain following and avoidance, weapon delivery, mission planning, and 
threat avoidance. 

Hughes needs engineers, scientists and programmers to forge new frontiers in aerospace radars, 
weapon control systems and avionics, airborne displays, aerovehicle data links, and airborne 
countermeasures. Current openings are for people experienced in design, development, test and 
manufacture for systems engineering, project/program management, design of circuits and 
mechanisms, and bringing these to reality through the application of advanced manufacturing 
techniques. Send your resume to Hughes Radar Systems Group, Engineering Employment, Dept. S2, 
P.O. Box 92426, Los Angeles, CA 90009. Equal opportunity employer. U.S. citizenship required. 

For more information write to: P.O. Box 45068, Los Angeles, CA 90045-0068 
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BUSINESS STRATEGIES 


Cheyenne Software: 


LETTING PARTNERS DO THE SELLING 


/Several years ago, a management 
V consulting group within Chemical 
| Bank (New York) jury-rigged a 
L/ mainframe software program to an¬ 
alyze white-collar productivity at the 
bank. “We then realized that if we could 
bring it down to the personal computer lev¬ 
el and make it user-friendly,” recalls John 
McCabe, director of marketing for the 
bank’s Information Products Division, 
“we could sell this software to outside us¬ 
ers.” Lacking the proper resources, the 
Chemical Bank team turned to Cheyenne 
Software. The Roslyn, N.Y., firm pro¬ 
duces specialized software that is then 
marketed by the company that commis¬ 
sioned it. 

“Product development and marketing 
skills are distinctly different,” says Barry 
Rubenstein, Cheyenne’s chairman. “We go 
to people who already know how to market 
in their particular industry and offer to de¬ 
velop software for them.” This division of 
labor is not unique in the vertical applica¬ 
tion software field, which will generate an 
estimated $3.4 billion in sales by 1990, ac¬ 
cording to Future Computing (Dallas). 

What is unusual is Cheyenne’s financial 
arrangement with its partners. The com¬ 
pany charges partners an up-front fee that 
is about 10% of what other developers 
charge, and makes its profits on subse¬ 
quent royalties ranging from 15 to 40% of 
product sales. 

Chemical Bank paid Cheyenne $75,000 
for work on its product, Organization Rx; 
McCabe estimates that any alternative 
would have cost around $750,000. This 
software sells for $15,000 per copy, which 
Rubenstein translates into a potential 
market of $100 million; his firm’s share 
will be based on royalties in the range of 
25-40%. “If this product fails, I’m not out 
a significant amount of money,” says 
McCabe; “and if it succeeds, then both 
Cheyenne and Chemical Bank come out 
winners.” 

Cheyenne generally seeks partnerships 
with Fortune 1000 corporations, major 
franchises, software publishers, and large 
value-added resellers with substantial 
customer bases (in such markets as law, 
real estate, and healthcare) and firmly es¬ 
tablished national distribution channels. 
In addition to Chemical Bank, the compa¬ 


ny has negotiated marketing partnerships 
with Automated Legal Systems (Philadel¬ 
phia) to develop a database tool for litiga¬ 
tion paralegals, Fisher Business Systems 
(Atlanta) for medical management soft¬ 
ware, and Globe Information Systems 
(Tampa, Fla.) for ticketing software used 
for concerts and sporting and theatrical 
events. 

Fueling Cheyenne’s development ef¬ 
forts is a library of hundreds of program¬ 
ming routines and modules, including ge¬ 
neric versions of a word processor, 
database, query language, and report 
writer. Cheyenne engineers can develop 
software applications to client specifica¬ 
tions in 10-15% of normal development 
time, claims Rubenstein, by hooking to¬ 
gether modules already tested and de¬ 
bugged. In addition, all software produced 
by Cheyenne is integrated and has the 
same user interface; partners can thus 
market a product line with a consistent 
look and feel. 

Cheyenne has a year or two head start 
over the competition for a potentially 
large market that has barely been tapped, 
says Peter Lynch, director of research at 
New York-based brokerage Grady & 
Hatch. Moreover, he adds, “the company 



Chemical Bank’s John McCabe turned 
to Cheyenne Software to commercialize 
the bank's management productivity 
program. 


doesn’t take any risk itself, because its 
partners are paying Cheyenne to design 
something they know the market wants.” 
And with partners like Chemical Bank, 
Lynch believes that Cheyenne has the 
credibility to walk in anywhere. □ 

—Anita Hlicossi 


ESM INTERNATIONAL: 


SCANNING THE FOOD II 

IIDOSTRY 

A T SM International (Houston) has cul- 
Lj tivated a niche in food processing 
fT f or the kind of optical-scanning de- 
JU vices normally used for quality- 
control functions on assembly lines. ESM’s 
machines are used for sorting agricultural 
commodities such as soybeans, peanuts, 
rice, tomatoes, carrots, almonds, and cof¬ 
fee beans. Recently, the company joined 
its scanners with mechanical cutting sys¬ 
tems to produce the Hydrocutter, a ma¬ 
chine that can sort and slice french-fried 
potatoes. 

The french-fry industry, whose market 
leaders include H. J. Heinz’s Ore-Ida sub¬ 
sidiary, J. R. Simplot, and Carnation, dish¬ 
es up more than 4.7 billion pounds a year, 
according to the American Frozen Food In¬ 
stitute. At such a scale—5 million pounds 

of potatoes pass through a typical plant 
each day—the process of carving away 
black spots and other imperfections, which 
consumers find distasteful, is a large drain 
of manpower. ESM saw a potential market 
for high-speed optical-sorting equipment 
that could automatically detect and slice 
off such unwanted material. 

The Hydrocutter channels each french 
fry through a stream of water that shoots 
through a clear plastic tube. As the french 
fry passes through the tube, optical sen¬ 
sors locate its defects, which are snipped 
off by a 90-blade cutting wheel capable of 
1000 slices per second. Cuts as small as a 
quarter of an inch can be made, which 
makes for less waste, and each machine 
can be linked to a personal computer for 
tracking production rates and quality-con- 
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BUSINESS STRATEGIES 


trol measures. ESM developed the sorting 
technology and water-conveyor system 
for the Hydrocutter, and Justus Bros., its 
West German partner, contributed the 
cutting mechanism. 

Savings from use of the $81,000 Hydro¬ 
cutter on a typical french-fry production 
line amount to an estimated $250,000 a 
year, according to ESM. The company sees 
a potential $20 million North American 
market for potato machines like the Hy¬ 
drocutter. 

ESM was purchased for $3 million in 1984 


from Moorco International, a Houston- 
based manufacturer of oil-field tools, by a 
holding company owned by Pat Childress, 
now ESM’s president. “I thought it was an 
unusual opportunity to acquire underval¬ 
ued assets,” says Childress. ESM earned 
$6.5 million in revenues in fiscal 1985, after 
losing money in the early 1980s, before 
Childress purchased it. 

The company now intends to upgrade 
some of its other optical sorting products 
with microprocessor-based monitoring 
and control components, depending on the 


firm’s analysis of government agricultur¬ 
al spending and food consumption trends. 
For instance, when Congress approved 
the Farm Bill of 1985, ESM decided to pro¬ 
duce a new rice-sorting machine, knowing 
that federal legislation would boost rice 
farmers’ income through heavy subsidies. 
ESM is also analyzing new markets for its 
optical-scanning products outside the food 
industry. But, says Childress, “our main 
interest will continue to be the food busi¬ 
ness because it’s always going to be 
there.” □ —Elizabeth Willson 


BRINGING Al TO BUSINESS APPLICATIONS 


A rity (Concord, Mass.), a software 
/I firm spun off from Lotus Develop- 
ment in 1984 to design artificial in- 
JL X telligence programming tools, is 
planning to broaden its product offerings 
by starting a line of Al-based application 
software for the business community. In¬ 
dustry observers speculate that the first 
such product to be released this year will 
be in the decision support system arena, a 
category of software that enables manag¬ 
ers to process and manipulate large 
amounts of data for such purposes as fi¬ 
nancial planning, production scheduling, 
and resource allocation. 

The company’s new products will al¬ 
most certainly be written in Prolog so that 
they can be tailored by customers using 
Arity’s existing line of compilers, inter¬ 
preters, and expert-system development 
packages, among other tools. “Arity has 
the most complete Prolog-based AI devel¬ 
opment package available for personal 
computers,” says Harvey Newquist, an 
analyst with AI market research firm 
D. M. Data (Scottsdale, Ariz.), making the 
company a leading firm in the current $10 
million Prolog segment of the $30 million 
AI programming language market. 

As it moves into the application world, 
Arity faces uncertainties about its future 
relationship with Lotus and the competi¬ 
tive status of Prolog. Mitch Kapor, Lo¬ 
tus’s chairman and founder, resigned 
from the boards of directors of both Lotus 
and Arity late last year. Kapor provided a 
major impetus for Lotus’s original inter¬ 
est in AI, and supported the financing by 
Lotus of part of Arity’s first round of 
funding, according to Carol Weiszmann, 
editor of AI Markets (Natick, Mass.). “Ka- 



por’s departure from Ari¬ 
ty’s board might have I 
been problematic two o 
three years ago,” she I 
says, “when AI start-ups I 
needed the visible backing I 
of an established firm.” I 
But now, AI is regarded as I 
a legitimate field in its own I 
right, she feels. Moreover, I 
Arity never had joint mar- I 
keting or development I 
agreements with Lotus 1 
that would be endangered I 
by Kapor’s departure, 
points out Peter Gabel, I 
Arity’s chairman. “If any- I 
thing, Arity will now have I 
a broader range of con- I 
tacts with Lotus,” he says. 

“Before, it was just us and | 

Mitch.” 

Another issue involves l 
competition between Pro- I 
log and other program- I 
ming languages. Lisp pro- I 
grams, which are based on I 
lists and emphasize in- Arity will pursue commercial clients while continuing to 
creased programmer con- serve programmers, says chairman Peter Gabel. 
trol, are favored in the ■ 


U.S., while Prolog products, which rely on 
database-like queries and emphasize 
speed, are employed extensively in Europe 
and Japan. Specialized computers are 
needed to execute Lisp quickly, but are not 
needed for Prolog. All in all, Gabel be¬ 
lieves that Prolog retains the edge be¬ 
cause it is the faster language for personal 
computer applications. 

Arity plans to restructure itself into two 
divisions: one for tools, which will continue 


to cater to programmers; and the other for 
applications, which will pursue business 
clients. If Arity manages to sell to both 
markets, it will be one of the first software 
firms to successfully do so. Weiszmann 
says it is logical for the company to try. 
“The tool market is limited, and Arity al¬ 
ready has ties to the PC world.” Gabel 
agrees. “Tools are just a stepping-stone 
for us; we’re really a PC applications com¬ 
pany,” he says. □ —Mary Jo Foley 
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THE 

NEW OHIO 
ENTREPRENEURS 



Rodger Gamblin 
wants 

newspapers 
to come clean 

U.S. newspapers consume 300 million pounds of ink a year. And a 
lot of it comes right off on your hands. Publishers are looking for 
" new kinds of inks that not only eliminate smudging but also reduce 
paper waste and improve printing quality. Enter a Gamblin man from 
Dayton-Rodger Gamblin, to be precise. He found that dye-based inks have the ability 
to solve all these problems. But they need to be made cheaper and better. 

Teaming up with the University of Dayton Research Institute, Gamblin received 
a $250,000 grant from the State of Ohio’s Thomas Edison Program. With a matching 
private investment, Gamblin formed Saranda Corporation to demonstrate the advan¬ 
tages of dye-based inks for newspapers and to go after a market estimated at $150 million. 

Rodger Gamblin is a new Ohio entrepreneur. There are hundreds of others like 
him-using innovative technologies to create jobs and new businesses. For information 
on how the Edison Program can help you-wherever you live-develop your new advanced 
technology products or process in Ohio, call Christopher Coburn, Executive Director, 
Ohio’s Thomas Edison Program, at 1-800-345-OHIO, or use the coupon below. 
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PERSONAL 




Compact machines link business or technical 
users to vast tiata-processing resources 


r he personal workstation is a rela¬ 
tively new arrival in the comput¬ 
ing world—the first commercial 
units, from Apollo Computer 
(Chelmsford, Mass.), Sun Microsystems 
(Mountain View, Cal.), and Xerox Infor¬ 
mation Systems (Pasadena, Cal.), ap¬ 
peared in 1981. Providing almost main¬ 
frame-level computing power for around 
$50,000, they were an instant success, en¬ 
thusiastically adopted by software devel¬ 
opers for designing both system and ap¬ 
plication software, by electronics 
engineers for computer-aided design, and 
by a wide range of businesses for techni¬ 
cal publishing. 

Last year, more than 57,000 worksta¬ 
tions were sold, making up a $1.5 billion 
market. By 1990, says analyst Kathleen 
Hurley of Dataquest (San Jose, Cal.), 
close to 350,000 workstations will be sold 
annually—a $4.5 billion market with a 
37% annual growth rate—driven in large 
part by new applications such as mechani¬ 
cal engineering design, financial analysis, 
and factory automation. Indeed, in almost 
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Two proud fathers of personal workstations, 
David Nelson of Apollo Computer (left) and Bill 
Joy of Sun Microsystems, with their offspring. 



any creative activity where people have to 
interact with each other and with comput¬ 
ers, the workstation is becoming an essen¬ 
tial tool. 

Workstations are full 32-bit comput¬ 
ers—usually with sophisticated graphics 
displays, a keyboard, and a mouse, and 
usually attached to a high-speed network. 
The network gives rapid access to other 
users (and to files and data on their work¬ 
stations), to massive data storage, and, of¬ 
ten, to mainframe computers or even 
supercomputers. Consequently, worksta¬ 
tion users have at their fingertips comput¬ 
ing power exceeding that of a personal 
computer by several orders of magnitude. 

For example, mechanical engineers can 
use their workstations to design, analyze, 
and simulate products, and even to gener¬ 
ate the instructions for driving the ma¬ 
chine tools that will make the products’ 
parts. Until recently, such operations 
would have required several computers 
and entailed difficult translations from 
one software package to another. Now, 
one engineer can produce designs with a 


drafting or solid-modeling package physi¬ 
cally located on another’s workstation; all 
the engineers on the network have access 
to the same software and can share de¬ 
sign files. Thus an initial design can be 
sent to a specialist for stress analysis us¬ 
ing a finite-element analysis program 
(perhaps with the aid of a mainframe com¬ 
puter attached to the workstation net¬ 
work), and then returned to the original 
designer. In this way, workstations be¬ 
come essential links in design efforts for 
groups working on complex projects. By 
using such techniques, General Motors 
expects to halve the conventional five- 
year design cycle for a new car model. 

Future increases in workstation perfor¬ 
mance and network transmission speeds 
will simplify the user’s interaction with 
the computer still further. The worksta¬ 
tion will become, in effect, a sophisticated 
control panel linked to a network of other 
workstations and a variety of computers. 
A single application might call for some 
computation on a supercomputer, analy¬ 
sis on a parallel processor, or assistance 


from an artificial intelligence machine. 
This use of different processors and soft¬ 
ware packages—network computing— 
will require little direction from the user; 
the workstation will essentially decide 
where and how the application will be exe¬ 
cuted. Although the initial applications of 
network computing will be in science and 
engineering (the traditional workstation 
markets), the same techniques can be ap¬ 
plied to business as well. 

The most popular workstations are 
made by Apollo and Sun, largely because 
they were the first entrants in the market¬ 
place and offer considerable computing 
power for a low price. Xerox has been 
much less successful because its first 
models, although sophisticated, were 
much more expensive. The other two ma¬ 
jor workstation makers are Digital Equip¬ 
ment Corp. (Maynard, Mass.), with the Mi- 
croVAX, and Hewlett-Packard (Fort 
Collins, Colo.), with the HP 9000 series, 
both relatively recent entries into the 
field. IBM (Milford, Conn.) has also en¬ 
tered the market recently with its RT Per- 
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downward Migration Of Computer Technology 


/ n predicting future developments in computer 
technology, David Nelson, chief technical offi¬ 
cer at Apollo Computer, classifies computers 
into seven tiers, each separated from the oth¬ 
er by a factor of 10 in cost (see chart). The aggre¬ 
gate improvement in performance across the tiers 
is about 35% a year, so a tenfold improvement 
(across one tier) occurs every seven years. Thus 
the virtual-memory capability of a $1 million IBM 
370 mainframe computer, which first emerged in 
1970, became available on the DEC VAX in 1977 
(for approximately $100,000) and in the Apollo 
DN300 workstation in 1984 (for approximately 
$10,000). By extrapolation, claims Nelson, that 
same capability ought to be available in 1991 for 
close to $1000. 

At the higher end of the workstation market, he 
says, there will be increasing performance for con¬ 
stant cost. Thus a $50,000-$100,000 workstation, 
which approaches the performance of a main¬ 
frame today, should have the capabilities of a 
minisupercomputer, such as the Alliant, by 1991. 

Nelson also believes that a tenfold performance 
increase is matched by a weight decrease of the 
same order. “Computers seem to cost about $200 
per pound, independent of their size,” says Nel¬ 
son, “a figure that has been valid for the last 30 
years when adjusted for inflation.” As computers 
become more of a “commodity,” perhaps one day 
it will be possible to buy them by the pound. 



The multi-tier model is a good predictor of when concepts will appear, 
but a poor predictor of how the concepts will be used, says Apollo’s 
David Nelson. "For example, although the model accurately predicts 
virtual-memory development, the importance of local-area networks 
for workstations would have been difficult to estimate. ” 


SOURCE: APOLLO 


sonal Computer and 5080 Graphics Sys¬ 
tem. Japan’s NEC is also moving into the 
U.S. market with an engineering worksta¬ 
tion priced lower than Apollo’s or Sun’s. 
More specialized workstations for com¬ 
puter-aided engineering in electronics are 
made by such companies as Daisy Sys¬ 
tems (Mountain View, Cal.) and Mentor 
Graphics (Beaverton, Ore.) and for me¬ 
chanical design by Cognition (Billerica, 
Mass.) and Aries Technology (Lowell, 
Mass.), often using special-purpose hard¬ 
ware. However, many such vendors are 
moving toward offering their software on 
general-purpose workstations as the pow¬ 
er of those machines increases. 

The device that made the personal 
workstation possible was the 32-bit micro¬ 
processor, notably the Motorola 68000 se¬ 
ries, which allowed system designers to 
address large amounts of memory and to 
use sophisticated concepts, such as virtu¬ 
al memory, previously possible only on 
much larger computers. The 68000 series 
of chips also permitted the development 
of low-cost bit-mapped computer graph¬ 
ics, where each screen pixel has a specific 
memory location, providing very high 
screen resolution and rapid drawing 
rates. “For less than $20,000,” says David 
Nelson, one of the originators of the 
workstation concept and now the chief 


technical officer of Apollo Computer, “a 
user can have a 1.4-mips [million instruc¬ 
tions per second] workstation with up to 4 
megabytes of memory, a 72-megabyte 
hard disk, and a color graphics display 
that’s 1024 lines by 800 columns.” 

Such performance, notes Nelson, is 
roughly equivalent to that of a Digital 
Equipment VAX, the de facto standard sci¬ 
entific and engineering workhorse com¬ 
puter of a few years ago. Nonetheless, 
Nelson and other leading workstation de¬ 
signers see today’s models as only the 
first steps toward putting phenomenal 
computing power on the desktop. At Sun 
Microsystems, Bill Joy, cofounder and 
vice-president for R&D, describes the 
workstations based on the Motorola 68000 
as “the first generation.” Says Joy, “I 
foresee a second generation of worksta¬ 
tions that will use inherently faster RISC 
[reduced instruction set computing] pro¬ 
cessors, with performance beginning at 
about 10 mips roughly in 1987 and exceed¬ 
ing 100 mips by 1992.” (See chart, p. 21.) 
Because they perform fewer operations 
per instruction than a conventional com¬ 
puter, RISC microprocessors execute pro¬ 
grams faster. RISC architecture and im¬ 
provements in the speed of CMOS 
(complementary metal-oxide silicon) chips 
should enable the design of such 100-mips 


workstations, predicts Joy. 

One of the first high-performance RISC- 
based workstations is expected early this 
year from Prime Computer (Natick, 
Mass.). The new system will use RISC pro¬ 
cessor boards developed by aptly named 
MIPS Computer Systems (Sunnyvale, 
Cal.), whose founders were previously in¬ 
volved in a RISC design project at Stan¬ 
ford University. Prime is attempting to 
match the MIPS processor with a special¬ 
ized graphics processor developed by Sili¬ 
con Graphics (Mountain View, Cal.), a 
small, innovative manufacturer of very- 
high-performance graphics displays and 
systems. However, industry observers 
claim that Prime is delaying the introduc¬ 
tion of the new workstation until more 
software has been developed, a key prob¬ 
lem for new entrants in the workstation 
marketplace. Other high-performance 
workstations are expected this year from 
two small start-ups, Stellar Computer 
(Wellesley, Mass.) and Dana Computer 
(Sunnyvale, Cal.). 

When 100-mips workstations do begin 
to appear, says Joy, they will have pro¬ 
grammable graphics processors to dis¬ 
play complex curved surfaces with good 
lighting and shading models, now possible 
only with very large computers and ex¬ 
pensive graphics displays. They should be 
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Future Workstation Performance 

r he first generation of workstations, typified by 
those widely available today, is coming to an 
end, claims Bill Joy, Sun Microsystems’ co¬ 
founder and vice-president of R&D. A second 
generation of workstations, beginning roughly in 1987, 
will offer 10 times the processor speed, 10 times the 
memory size, and 10 times the display capability (see 
chart). This generation will use inherently faster RISC 
(reduced instruction set computing) processors. Further 
improvement might be expected from very-high-speed 
CMOS chips or gallium arsenide. Thus, predicts Joy, an¬ 
other generation of workstations can be expected in 1993 
with a similar tenfold improvement in performance and 
capability. 

These new workstations will have programmable 
graphics processors to display complex curved surfaces 
with realistic lighting and shading, and to show docu¬ 
ments with presentation-quality graphics. They should 
be able to handle moving images in real time. Network¬ 
ing via fiber optics will be possible, using the full ISO 
set of protocols. Such machines will be powerful enough 
to use artificial intelligence techniques whenever 
appropriate. 

By the year 2001, predicts Joy, $15,000 (in today’s dol¬ 
lars) will buy a truly cognitive machine with such good 
voice and image input/output that a keyboard will no 
longer be necessary. “Such a machine,” he says, “would 
have at least 24 color planes and could show complex im¬ 
ages at movie speed [24 frames per second], maybe with 
stereo sound and display.” 



V V \ \% 


Some startling increases in workstation performance are predict¬ 
ed by Sun Microsystems’ Bill Joy—starting in 1988 with a second 
generation running at 10 million instructions per second (mips), as 
well as offering 10 megabytes of memory and 10 megapixels of 
display capability. Further tenfold leaps will come with successive 
generations in 1993 and in 2001. 


SQUfiCe BILL JOY 


able to handle moving images in real time. 
Users will be able to show documents us¬ 
ing presentation graphics, with half-tone 
images and precise representations of 
typefaces. “Such machines will be power¬ 
ful enough to use artificial intelligence 
techniques where appropriate,” says Joy. 

Indeed, AI applications are already be¬ 
ginning to appear on workstations. Infer¬ 
ence Corp. (Los Angeles) has developed a 
workstation-based expert system for 
American Express that can conduct so¬ 
phisticated credit checks previously posi- 
ble only with the expertise of a senior cor¬ 
porate officer. Such financial and 
business applications are a new area of ac¬ 
tivity for workstations. “I believe that 
workstations are just beginning to make 
an impact on corporate America,” says 
Don Sinsabaugh, managing director of 
Swergold, Chefitz and Sinsabaugh, a New 
York-based investment company. With 
the increases in computing power that 
workstations will shortly bring, AI appli¬ 
cations like intelligent stock trading sys¬ 
tems and rule-based merger and acquisi¬ 
tion systems will become available to a 
much wider marketplace. 

But will the other key aspect of work¬ 
stations—the network—be able to keep 
pace with such dramatic increases in pro¬ 
cessor performance? Joy at Sun Microsys¬ 


tems is equally optimistic on this subject: 
“Today, the phone companies are laying 
down fiber optic networks, so 100-mega- 
bit-per-second transmission rates are per¬ 
fectly feasible. I see no reason why fiber 
optic networks should not go to 200 or 300 
megabits per second by 1990.” With some 
image compression, perhaps by sending 
only the differences between successive 
images, such data rates would allow im¬ 
ages to be sent directly between worksta¬ 
tions or computers anywhere in the world; 
image compression of 10:1, for example, 
effectively multiplies the data transmis¬ 
sion rate tenfold, making image transmis¬ 
sion feasible. Another possibility would 
be direct memory-to-memory transfers of 
large amounts of data or programs be¬ 
tween machines with fiber optic links. 

In addition, all the workstation vendors 
are moving toward common network 
standards for the interconnection of a va¬ 
riety of networks and computers. Most 
support Sun’s Network File System (NFS) 
protocol, which runs on all the operating 
systems of computers in a network, allow¬ 
ing the sharing of files and the interopera¬ 
tion of computers from different vendors. 
A similar but more limited standard is 
AT&T’s RFS (Remote File Sharing), an ex¬ 
tension to UNIX that allows the sharing of 
UNIX resources, both files and devices, 


transparently across a network. In the 
longer term, workstation vendors are pre¬ 
paring to support the ISO seven-layer pro¬ 
tocols that will allow systems and applica¬ 
tions to be interconnected pretty much at 
the will of the user. Given such improve¬ 
ments in networking capability, industry 
experts predict that the workstation mak¬ 
ers will soon find extensive demand for 
their systems in large businesses. 

But the introduction of very-high-per¬ 
formance workstations and networks 
may be slowed by the lack of suitable op¬ 
erating systems and application software. 
Today, the predominant operating system 
for workstations is UNIX (developed at 
Bell Laboratories), which has gained wide 
acceptance in science and engineering but 
has been slow to find business application, 
largely because it is cryptic and “user-sur¬ 
ly.” Further complicating matters, UNIX 
comes in two quite dissimilar versions— 
AT&T’s System V, based on the original 
Bell Labs work, and the Berkeley 4.2BSD 
system, developed at the University of 
California at Berkeley. The two versions 
are sufficiently different that several 
workstation vendors feel obliged to offer 
both. Thus a workstation might display a 
program using the AT&T UNIX on one 
window and a program using the Berke¬ 
ley UNIX on another window—a situation 
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BUSINESS OUTLOOK 


WORKSTATIONS REACH 
FOR NEW MARKETS 



T"Tueled by falling prices 
ai and increasing comput- 
I* ing power, the market 
JL for personal worksta¬ 
tions has been rapidly expand¬ 
ing in recent years. Revenues 
from such machines—generally 
defined as 32-bit, stand-alone, 
desktop devices—will total an 
estimated $1.5 billion in 1986 
and should climb to $4.5 billion 
by 1990, according to Dataquest 
(San Jose, Cal.). Some 80% of 
this market is dominated by 
four companies: Apollo Comput¬ 
er (Chelmsford, Mass.), the 1986 
market leader, followed by Sun 
Microsystems (Mountain View, 

Cal.), Digital Equipment (May¬ 
nard, Mass.), and Hewlett-Pack¬ 
ard (Fort Collins, Colo.). 

Price and performance fac¬ 
tors have played a major role in 
workstation market growth, 
points out Vicki J. Brown, pro¬ 
gram manager of CAD/CAE/ 

CAM at International Data 
Corp. (IDC) in Framingham, 

Mass. “Between 1982 and 1987, 
the average system price of a 
workstation fell from $50,000 to 
$20,000,” she says, “while com¬ 
putational power in this price 
range has doubled.” As a result 
of such trends, workstations are 
now more versatile, and are 
available to a broader popula¬ 
tion of users. 

This market’s fastest-grow¬ 
ing segments are particularly 
dependent on the kind of com¬ 
puting and graphics capabilities 
previously available only from minicomputer or mainframe 
systems, says Gary Smaby, managing director of the high 
technology group at Piper, Jaffray, and Hopwood (Minneapo¬ 
lis). In technical publishing, for instance, users want to see ex¬ 
actly how a page will look when published; they can do this with 
the high-resolution, 19-inch screens featured on many high-per¬ 
formance workstations. Superior graphics are also important 
to software developers, who can employ such workstations to 
design easy-to-use, highly flexible software products for finan¬ 
cial and other business applications. And mechanical engineers 
can exploit the computing power of workstations to analyze 
how the products they are designing might behave under vary¬ 
ing conditions. 


"Over the past year, major workstation vendors 
have been adding DOS capabilities to their 
products so that a user can switch from CAD/ 
CAM to personal computer-type applications 
on the same machine. ” 

Vicki J. Brown 

CAD/CAE/CAM Program Manager 
International Data Corp. 


‘‘Because of their continuing productivity gains, 
workstations should be the most common 
mode of computing in the business world with¬ 
in ten years. ” 

Christopher Reed 
Technical Marketing Manager 
Digital Equipment 


Another factor stimulating 
the growth of workstations is 
their utility as both single-user 
machines and access points to 
larger networks. “An individual 
can get greater responsiveness 
from a machine under his con¬ 
trol than if he has to share com¬ 
puting resources through a 
multi-terminal system,” says 
IDC’s Brown. At the same time, 
she adds, workstations can be 
integrated with other comput¬ 
ers and factory automation 
tools. Such networks facilitate 
communication within groups 
involved in common projects, 
and, with appropriate applica¬ 
tion software, enable designers 
to send the results of their work 
directly to the shop floor. 

The movement of worksta¬ 
tions into new segments is rais¬ 
ing competitive pressures 
among the major players. 
“Apollo has been the dominant 
company in electronic and me¬ 
chanical CAD, while Sun has led 
in software development and 
publishing,” says Robert Her- 
wick, senior analyst at Ham- 
brecht & Quist (San Francisco). 
“But each has developed ma¬ 
chines that encroach on the oth¬ 
er’s territory.” Meanwhile, he 
says, Apple (Cupertino, Cal.) 
may position its enhanced Mac¬ 
intosh, now under development, 
as an alternative to Sun at the 
high end of the publishing sec¬ 
tor, and DEC’S workstation is 
building on the company’s large 
installed base of minicomputers to take market share from ev¬ 
erybody else. 

In the wings is IBM (Milford, Conn.), which has already es¬ 
tablished itself in the workstation market with its AT, XT, and 
RT computers. But the AT and XT do not have the performance 
power of a Sun or an Apollo, according to Piper’s Smaby, and 
the RT has been a disappointment at best because of its weak 
graphics and slow speed. “However,” he says, “IBM is rumored 
to be developing a workstation based on the new Intel 386 chip, 
which would be a significant extension of its PC-based product 
line.” Indeed, says Smaby, within five years DEC and IBM could 
control two-thirds of the market, with Sun and Apollo fighting 
it out for the rest. □ —Dennis Livingston 
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that could easily lead to confusion be¬ 
cause system commands often differ. 

Now almost 20 years old in concept, 
UNIX has become a de facto standard for 
workstations and other engineering and 
scientific computers because it runs on a 
wide variety of machines and is available 
from many vendors. “There are so many 
good people with a vested interest in 
UNIX that if new features appear to be 
needed, the UNIX clan will add them to the 
operating system before work on a com¬ 
pletely new system could get off the 
ground,” says Sun Microsystems’ Joy. 
Thus Joy, one of the prime architects of 
the original 4.2BSD UNIX, expects the op¬ 
erating system to remain the workstation 
standard “at least until 1990.” 

Despite his close attachment to UNIX, 
Joy admits that much of the criticism of 
the system is valid. For example, UNIX 
does not adequately support programs 
that handle network services or highly in¬ 
teractive programs where a number of 
small tasks need to be undertaken with 
close supervision. Sun and other vendors 
are working to improve such networking 
aspects of UNIX. Several vendors are 
working with AT&T Technologies (Morris¬ 
town, N.J.) to achieve a single UNIX stan¬ 
dard that will combine the features of 
AT&T’s System V and the Berkeley 
4.2BSD release. Such a “unified” UNIX 
will probably appear late this year and 
will go a long way toward ensuring the 
operating system’s survival. 

Although much application software al-, 
ready < exists for workstations—all thei 
manufacturers offer extensive catalogs 
of packages supplied by independent ven¬ 
dors—many programs are simply conver¬ 
sions of older packages designed for the 
Digital Equipment VAX or similar com¬ 
puters. Often written in Fortran, a scien¬ 
tific language whose roots go back more 
than 30 years, many programs fail to take 
advantage of the networking possibilities 
of a workstation environment. However, 
the widespread acceptance of UNIX has 
led to expanded use of C, a language first 
employed by the developers of UNIX to 
create parts of the operating system. Be¬ 
cause much of the newer and more effi¬ 
cient workstation software is being writ¬ 
ten in C, and C is available on many 
systems, application software can be 
readily converted to run on a variety of 
workstations and other computers. 

A new version of C, called C++, is 
coming along as a successor to C, says 
Joy, because it provides better structur¬ 
ing than the original language. Struc¬ 
tured programs can be readily broken into 
blocks for group development or for revi¬ 
sion, especially important for workstation 
software developers. For expert system 
programming, says Joy, Lisp is becoming 
widely used. “These high-level languages 


permit the writing of much more ambi¬ 
tious software that will make good use of 
very-high-performance workstations. 
Just imagine a spreadsheet with artificial 
intelligence that would allow a financial 
expert to use his intuition for a simula¬ 
tion.” Such tools amplify human intelli¬ 
gence, says Lynn Conway, professor of 
computer science at the University of 
Michigan (Ann Arbor). “We will see the 
development of software tools for inter¬ 
acting so people can be more productive.” 

Ease of interaction is heavily dependent 
on the user interface and in particular on 
the windowing system used on worksta¬ 
tion displays to observe several programs 
or processes that may be executed simul¬ 
taneously. There is no agreement on a 
windowing standard, but Sun is pushing 
its Network-extensible Windowing Sys- 



Muitiwindow display on an Apollo work¬ 
station shows (clockwise from top left) a 
PC application (Lotus 1-2-3), a DEC VAX 
file, a technical publishing program, and 
an IBM mainframe graphics application. 


tern (NeWS) very heavily. However, Apol¬ 
lo, Digital Equipment, and Hewlett-Pack¬ 
ard recently decided to support X 
Window, a package developed in the pub¬ 
lic domain as part of MIT’s Athena project. 
IBM plans to include X Window in An¬ 
drew, an advanced distributed computing 
environment it is developing with Carne- 
gie-Mellon University. Industry observ¬ 
ers expect NeWS and X Window to coex¬ 
ist and, perhaps, to be offered together by 
some workstation makers, just as both 
versions of UNIX are offered today. 

Not only are workstations improving 
their performance to encroach on the turf 
now occupied by minicomputers and su¬ 
perminicomputers, but their costs are 
coming down to a price level—$15,000 or 
less—that is beginning to compete with 
the more expensive PCs. Indeed, Nelson 
expects costs to fall still further so that “a 
portable workstation costing around 
$1000 is a possibility by 1990.” Such a 
workstation may be a step toward the ulti¬ 


mate PC: the hand-held “Dynabook,” pre¬ 
dicted by Apple Computer research fellow 
Alan Kay several years ago at Xerox’s 
Palo Alto Research Center, where he was 
a key member of the workstation group. 
Through AI, the Dynabook would have 
features tailored to each user and would 
be as easy to use as a pencil and a note¬ 
book, says Kay. 

Meanwhile, the personal computer 
makers are not exactly sitting still. Intel’s 
32-bit microprocessor chip, the 80386, is 
beginning to appear in a new generation 
of personal computers, notably the Com¬ 
paq 386. Convergent Technologies (San 
Jose, Cal.) has announced an 80386-based 
workstation that will run UNIX and MS- 
DOS simultaneously, intended largely for 
sale to engineering OEMs rather than to 
end users. Although IBM has yet to an¬ 
nounce an 80386 personal computer, such 
a system from the dominant force in the 
PC market could swamp the efforts of the 
workstation makers to move into lower- 
price markets. And Apple is reported to be 
readying a 68020-based 32-bit computer 
with color graphics that could compete di¬ 
rectly—in both performance and price— 
with the least expensive workstations. 

But at present, the 32-bit workstations 
have a considerable lead over the new 
80386-based personal computers. Operat¬ 
ing-system and application software ex¬ 
ists in large quantity—whereas software 
for the 32-bit personal computers is lag¬ 
ging, largely because PC software devel¬ 
opers are waiting for IBM to announce its 
machine and put its seal of approval on an 
operating system. In the meantime, Sun 
and Apollo have introduced low-cost 
workstations capable of running conven¬ 
tional IBM PC software. 

In any case, the rapid adoption of net¬ 
working and file standards by the work¬ 
station manufacturers will undoubtedly 
put them in a good position to install large 
networks of both PCs and workstations 
linked to existing corporate mainframe 
computers. Workstation makers clearly 
have a lead in the networking of comput¬ 
ers, which should result in wider use of 
workstations outside scientific and engi¬ 
neering applications. In fact, it seems like¬ 
ly that the distinction between a PC and a 
personal workstation will essentially be¬ 
come unimportant in the not too distant 
future. More important, personal work¬ 
stations will bring about what Conway at 
the University of Michigan terms group 
computing, where networking and dis¬ 
tributed computing allow people to inter¬ 
act more extensively. □ 

Jeffrey Bairstow is a senior editor of 
HIGH TECHNOLOGY. 


For further information see 
RESOURCES, p. 61 
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MANAGING COMPUTER 



As data networks grow more complex; 
companies are seeking better tools 
tor spotting and correcting failures 


C omputer communications used to 
be simple. A company merely 
leased a few phone lines from 
AT&T, bought some modems 
from a vendor, and began sending data 
between its home office and remote sites. 
If service failed, it meant calls to the mo¬ 
dem supplier or to Ma Bell. 

Today, there’s a whole new world of 
data communications, and a wide range of 
factors pushing corporations into the role 
of managing their own networks. There 
are many more service and equipment 
providers—including local phone compa¬ 
nies, satellite suppliers, microwave ven¬ 
dors, local-area networking companies, 
and value-added network operators—and 
the networks are far more complex, often 
containing analog and digital links of all 
sorts as well as intermixed voice, data, 
and video traffic. The importance of the 
information traveling on these hybrid net¬ 
works, moreover, has grown substantial¬ 
ly. As a result, companies are scrambling 
to find ways to monitor and improve then- 
networks’ performance, to detect and pre¬ 
vent problems early on, and to recover 
rapidly when the inevitable failures occur. 

It wasn’t long ago that network man¬ 
agement played a weak second fiddle to 
the network devices such as modems and 
multiplexers in companies’ buying deci¬ 
sions. But “as the sophistication of the 
equipment hooked up to a network has in¬ 
creased, network management has gone 
from being a page-50 addendum in re¬ 


By Dwight B. Davis 


quests for bids on large networks, to 
being a page-one item,” says Lou Krieg, 
development manager for wide-area net¬ 
work product operations at Codex (Can¬ 
ton, Mass.). 

Products designed to assist network 
management range from simple self-diag- 
nostic features packaged within each net¬ 
work device to full-blown command cen¬ 
ters that attempt to provide a single point 
of control over the entire operation. Dif¬ 
ferent products monitor different param¬ 
eters and offer varying capabilities to 
take corrective action. 

This proliferation is causing problems 
because the network management realm, 
like other areas of computer communica¬ 
tions, lacks standards. As a result, net¬ 
works that contain computer and commu¬ 
nications products from a variety of 
vendors end up with a variety of incom¬ 
patible network management systems. 
Typically, a large company’s nationwide 
network may include a host-based man¬ 
agement system that monitors the main¬ 
frame computer and the stations operat¬ 
ing under its direct control, a modem 
management system designed to collect 
operational statistics from the network 
devices themselves, and various local- 
area network (LAN) management sys¬ 
tems monitoring the devices and traffic 
on LANs at different sites around the 
nation. 

All of these systems—and any others 
that exist on the network—operate under 


their own proprietary protocols and often 
involve one-of-a-kind procedures to run 
them. Aside from putting a strain on hard- 
to-find network operators, this diversity 
foils a company’s attempts to cohesively 
monitor and control its entire network 
from a central command site. It would be 
difficult, if not impossible, for a central- 
site operator in, say, New York to work 
through the many layers of network man¬ 
agement to determine that a terminal run¬ 
ning on a LAN in San Francisco was mal¬ 
functioning. Correcting the problem from 
headquarters would be an even more 
daunting task. 

The emergence of widely accepted net¬ 
work management standards would go a 
long way toward improving this situation. 
But while some movement in that direc¬ 
tion has begun, few observers expect sub¬ 
stantial progress anytime soon. In the 
meantime, a range of vendors are devel¬ 
oping different schemes to provide the 
most comprehensive possible manage¬ 
ment of the hybrid networks. 

etwork management tasks. 
While vendor solutions to net¬ 
work management differ con¬ 
siderably, there is general 
agreement on the tasks such systems 
must address. The main categories of op¬ 
eration include network planning, collec¬ 
tion and display (often through graphic 
representations of the network) of alarm 
signals from different communications 
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devices, tools to diagnose the problems, 
network control, and administrative tasks 
such as billing and cost allocation. 

The parameters monitored by network 
management systems fall into two dis¬ 
tinct categories: physical network statis¬ 
tics and logical network information. The 
communications device suppliers, includ¬ 
ing Codex, Infinet (North Andover, 
Mass.), Timeplex (Woodcliff Lake, N.J.), 
Case Communications (Columbia, Md.), 
Paradyne (Largo, Fla.), Infotron Systems 
(Cherry Hill, N.J.), General DataComm 
(Danbury, Conn.), and Racal-Milgo (Fort 
Lauderdale, Fla.), typically monitor the 
physical network—that is, the operation 
of the modems and multiplexers and the 
lines linking them. Most of these vendors 
perform such monitoring via a “second¬ 
ary” communications channel, which uses 
a frequency different from that carrying 
the actual network traffic to transmit sta¬ 
tistical information from the intelligent 


network devices to a central site. 

Because these vendors are able to get 
into the guts of their proprietary equip¬ 
ment, they can often exert remote control 
over the devices as well. So a malfunction¬ 
ing modem, for example, can be shut 
down, or a spare remote modem can be 
automatically called to set up a temporary 
dial-up link if a leased line fails. Most 
modem vendors can also support other 
suppliers’ modems on their networks 
through a “wrap-around” facility that en¬ 
capsulates the foreign devices. But they 
are unable to monitor or control such out¬ 
side products as completely as their own. 

Logical parameters have traditionally 
been addressed both by computer ven¬ 
dors, with management schemes tied to 
their proprietary network architectures, 
and by independent vendors, which sell 
management systems that overlay on net¬ 
works containing a mix of different ven¬ 
dors’ products. Independent suppliers like 


BBN’s James G. Herman notes that most 
networks grew without any guiding 
architecture, making them extremely 
difficult to manage comprehensively. 

Avant-Garde (Mount Laurel, N.J.), Dyna- 
tech Packet Technology (Alexandria, 
Va.), and T-Bar (Wilton, Conn.) sell such 
products, which monitor the actual traffic 
flowing on the network, not the diagnos¬ 
tic signals sent from modems and multi¬ 
plexers over a secondary channel. In 
essence, these are “performance mea¬ 
surement” systems, keeping tabs on user 
response times, the destination of data 
routed across the network, and other indi¬ 
cators of the network’s level of service. 

Because the physical and logical types 
of management systems measure differ¬ 
ent parameters, they can often coexist 
within the same network, performing 
their distinct functions side by side. But 
such an approach usually requires that 
the network operators buy two sets of 
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equipment and learn two different diag¬ 
nostic procedures. Vendors have begun to 
realize that combining the functions with¬ 
in a single integrated system will give 
them a clear selling advantage. The com¬ 
munications device vendors, therefore, 
have started to add performance mea¬ 
surement options to their systems—al¬ 
though not all are completely integrated 
with their existing physical management 
products—and a few performance mea¬ 
surement suppliers are adding the capa¬ 
bility to exert some level of control over 
the network devices. 

Suppliers hope ultimately to allow a 
network operator to use a single worksta¬ 
tion for viewing an entire network’s oper¬ 
ations. Three basic strategies to achieve 
this goal have emerged. The first, com¬ 
monly associated with the modem and 
multiplexer vendors, is to get customers 
to buy all their communications products 
from one manufacturer. In the resulting 
homogeneous networks, the single ven¬ 
dor is able to offer comprehensive man¬ 
agement and control facilities linked to its 
products. 

A second approach is based on the as¬ 
sumption that many networks will contin¬ 
ue to contain various products and proto¬ 
cols, and attempts to provide a common 
point of management over all of them. 
Vendors pursuing this strategy typically 
provide a single, centralized workstation 
to emulate the management schemes 
used by different segments of the net¬ 
work. Operators must still know how to 
run each management scheme, but they 
can do it from a common terminal. 

The third approach is being pursued by 
IBM (Rye Brook, N.Y.) alone. The compa¬ 
ny has published its proprietary network 
management protocols so that other sup¬ 
pliers can build interfaces between their 
products and the IBM communications 
world. If enough suppliers acquiesce to 
IBM’s standard, a wide mix of products 
could be linked under a single network 
management environment. 

O ne-stop shopping. The traditional 
communications vendors realized 
some time ago that network man¬ 
agement represented more than 
just a market in and of itself. If a custom¬ 
er buys a management system that works 
only with the same vendor’s modems and 
multiplexers, the customer will keep buy¬ 
ing equipment from that supplier as the 
network grows. 

The trouble is, though, that very few 
existing large networks are based on 
equipment from just one supplier. “Most 
company networks have tended to grow 
through a series of isolated decisions,” 
says James G. Herman, director of tele¬ 
communications consulting at BBN Com¬ 
munications (Cambridge, Mass.). “As a 


result, they had no overriding architec¬ 
ture guiding them as to what kinds of de¬ 
vices they should use.” 

The modem/multiplexer vendors are 
therefore at their strongest selling posi¬ 
tion if they can get into a network at 
ground zero, before it has had a chance to 
evolve in 10 different directions. But even 
if a company chooses to go with a single 
supplier from the start, problems can de¬ 
velop. No single vendor has a product line 
broad enough to satisfy every networking 
need of every customer. At some point, 
customers may be forced to buy equip¬ 
ment from other suppliers, and these de¬ 
vices may not fit easily into the existing 
network management scheme. 

Often, in fact, even devices sold by the 
original vendor may not fit into the man¬ 
agement scheme. For example, Infinet 
sells a line of multiplexers that operate on 
high-speed “T-l” lines, but these products 
don’t yet fall under the purview of the 
firm’s Series 90 Network Information 
System. Integrating the T-l multiplexers 
with the Series 90 “is on our list of things 
to do next,” says Bebe Jordan, Infinet’s 
manager of applications software devel¬ 
opment, but the current incompatibility is 
indicative of how hard it is to achieve total 
network management, even within a sin¬ 
gle vendor’s product line. She notes, how¬ 
ever, that Infinet has already made prog¬ 
ress on other integration fronts. For ex¬ 
ample, says Jordan, its PMS-III perfor¬ 
mance measurement module is compati¬ 
ble with its overall network management 
scheme, while the performance measure¬ 
ment products sold by competitors must 
still operate independently in a stand¬ 
alone mode. 

Despite such limitations, the modem/ 
multiplexer suppliers have the strong sell¬ 
ing point of being able to get extremely 
detailed operational statistics from the de¬ 
vices that do fall under their network 
management umbrella. With access to 
statistics on important parameters such 
as signal-to-noise ratio and received sig¬ 
nal strength, users are often able to pin¬ 
point and define a problem. Just as impor¬ 
tant, these management systems usually 
provide the capability to take corrective 
action. 

M onitoring mixed nets. Indepen¬ 
dent suppliers of network man¬ 
agement systems may not yet 
have the ability to control net¬ 
work devices as completely as the device 
vendors, but they can claim a wider scope 
of operation. Also, these suppliers cannot 
be accused of having an ulterior motive 
for selling management systems—such 
as selling modems and multiplexers— 
since network management is often their 
one and only business. And their strategy 
of supporting a variety of equipment in 


each network meshes nicely with existing 
installations, in which multivendor opera¬ 
tions are the norm, not the exception. 

Given that most of these independent 
vendors first made their mark in the busi¬ 
ness by providing performance measure¬ 
ment tools, monitoring the actual network 
traffic remains their flagship capability. 
But because network data often derive 
from many different systems and are 
thus formatted in many different ways, 
performance measurement systems must 
be able to decipher each relevant protocol 
in order to extract information such as a 
particular terminal’s activity level. A key 
selling point of such systems, therefore, is 
how many of the major protocols they can 
interpret. Avant-Garde’s Net/Alert sys¬ 
tem, for example, supports more than 50, 
including IBM Bisync, SNA/SDLC, Honey¬ 
well VIP, HP 2645 Bisync, NCR Comten 
CNS, Burroughs Poll-Select, and X.25. 

As the modem/multiplexer suppliers 
have moved into performance measure¬ 
ment territory, the independent suppliers 
have realized that they, in turn, must ex¬ 
pand into device monitoring and control. 
Their strategy here, as always, is to sup¬ 
port as many products as possible in an 
integrated fashion. With such breadth, 
the vendors reason, they can effectively 
compete with the device suppliers’ net¬ 
work management systems, which offer 
capability for control within a much more 
restricted universe. 

Avant-Garde’s entry in this area—the 
Net/Command system—works by emu¬ 
lating on a single workstation the net¬ 
work management schemes of the device 
vendors represented in any given net¬ 
work. If a corporate network has IBM, Co¬ 
dex, and Timeplex equipment, each with 
its own network management system, 
Net/Command collects and consolidates 
the alerts from each of these systems. 
Custom interfaces must sometimes be 
built to emulate less common manage¬ 
ment systems, and operators must still 
learn a variety of different management 
procedures. But Net/Command can inte¬ 
grate the alerts. For example, says direc¬ 
tor of marketing Barbara Noti, it can rec¬ 
ognize that alerts from two different 
network management systems are refer¬ 
ring to the same problem. Without such 
centralization, network operators must 
assimilate and interpret these data using 
different workstation monitors, which 
can be an overwhelming task on large het¬ 
erogeneous networks. 

oing things the IBM way. While 
both the device vendors’ and the 
independent suppliers’ approach¬ 
es to network management have 
their advantages, neither yet provides to¬ 
tal integration, under which a user at a 
single workstation employing a single 
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Today's corporate networks consist of a mix of equipment and 
communications links, many of them incompatible. Perfor¬ 
mance measurement systems monitor the actual traffic flowing 
through the network, whereas network control systems use a 
secondary channel frequency to obtain diagnostic information 
transmitted from the network devices themselves. 
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Vendors employ sophisticated graphics to help operators indicating the number and types of alarms that have occurred, 

diagnose network problems, as illustrated by these screens and a text window that gives details on the alarms. The 

from Doeiz’s Engarde system. One screen (left) includes a other screen shows how 3-D graphics can be used to plot 

geographic representation of a network, a bar chart network traffic by time and date. 
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BUSINESS OUTLOOK 


NETWORK MANAGEMENT: DISTINCTIONS 
DIOR RETWEEN TWO APPROACHES 


etwork management 
systems—which allow 
trained personnel to 
monitor performance 
of computer communications 
networks, to identify problems 
as they develop, and to take re¬ 
medial action—currently make 
up a market worth some $87 mil¬ 
lion, according to Katherine 
Korostoff, senior market ana¬ 
lyst at International Data Corp. 

(IDC) in Framingham, Mass. 

Revenues should increase to 
$194 million by 1989, she esti¬ 
mates, with substantial growth 
continuing through the 1990s. 

The present market consists 
of two segments. The largest so 
far, totaling $60 million, com¬ 
prises devices that monitor and 
correct the functioning of mo¬ 
dems, multiplexers, and other 
network components; such 
products are usually built into 
the hardware they monitor. 

Market leaders, based on ship¬ 
ments in 1986, are Codex (Can¬ 
ton, Mass.), Paradyne (Largo, 

Fla.), Racal-Milgo (Fort Lauder¬ 
dale, Fla.), General Datacomm 
(Middlebury, Conn.), and AT&T 
(Parsippany, N.J.). Perfor¬ 
mance management systems— 
the other segment—monitor the 
operation of the entire network 
rather than individual pieces of 
hardware. They indicate, for example, where data are going, 
how long they take to get there, and where problems are devel¬ 
oping. Two companies—Avant-Garde (Mount Laurel, N.J.) and 
Tesdata Systems (Herndon, Va.)—have a combined share of 
well over 50% of this $27 million market segment. None of the 
other firms in this segment, including Ocean Data Systems 
(Rockville, Md.) and Dynatech Packet Technology (Alexandria, 
Va.), have more than a 5% market share. 

The distinction between monitoring individual devices and 
monitoring overall network performance is beginning to break 
down in response to customer demand for unified network 
management systems. For the hardware companies, this 
means incorporating performance monitoring capabilities into 
their products. Since each firm uses its own system, which is 
usually incompatible with the others, such a strategy can be 
used to convince network builders to buy as much of their hard¬ 
ware as possible from a single supplier. “Network manage¬ 
ment is not sold by these firms for its own sake, but as a means 


of promoting the equipment 
that works with it,” says Joa¬ 
quin Gonzalez, service director 
of enterprise networking strate¬ 
gies at the Gartner Group 
(Stamford, Conn.). 

At the same time, the perfor¬ 
mance monitoring companies 
are working on software that in¬ 
tegrates data from their sys¬ 
tems with status information 
from specific devices. But many 
of these firms lack the financial 
resources and marketing clout 
to compete with the hardware 
vendors, according to IDC’s Kor¬ 
ostoff. She suggests that they 
are likely to end up establishing 
agreements whereby a hard¬ 
ware vendor will integrate per¬ 
formance monitoring products 
into its equipment. 

While each sector moves in 
the direction of the other, IBM 
(Rye Brook, N.Y.) has extended 
information monitoring and con¬ 
trol to encompass a variety of 
interlinked voice and data net¬ 
works, including local-area net¬ 
works, dedicated high-speed 
telephone lines, PBXs, and IBM’s 
own computer networking sys¬ 
tem. No modem manufacturer 
or performance monitoring firm 
has gone this far with an exist¬ 
ing product. “A lot of people in 
automotive, financial-services, 
and other major industries are now putting together such hy¬ 
brid networks,” says George Newman, an analyst at IDC, “and 
they’re looking for ways to connect all this diverse equipment 
into some sort of cohesive system.” IBM’s product has come 
along at just the right time to fulfill this need, he believes, al¬ 
though it will have to integrate its system with current net¬ 
work management systems. To accomplish this, IBM has pub¬ 
lished the protocols for its product so that other suppliers can 
create appropriate interfaces. 

Controlling 85% of the mainframe market—the environment 
in which most networking is done—IBM is in a unique position 
to impose its standard on the industry. “IBM’s efforts could 
make a lot of companies’ network management products vesti¬ 
gial, if not obsolete,” says Eric Arnum, editor of Telecom/IBM, 
a newsletter published by International Resource Develop¬ 
ment (Norwalk, Conn.). “These people are either going to have 
to adapt their products to the IBM standard or get out of the 
network management business.” □ — G. Barton Latamore 



“Any modems, multiplexers, or other wide-area 
data network products currently brought to mar¬ 
ket must be able to carry out network manage¬ 
ment functions. End users want to do more with 
their hardware than just send out beeps. ” 
Joaquin Gonzalez, Service Director 
Enterprise Networking Strategies 
Gartner Group 
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user interface could monitor and control 
an entire heterogeneous network. It still 
remains for one type of supplier or the 
other to develop an extremely powerful 
and intelligent central-site system that 
collects all available network manage¬ 
ment information, merges it, and conve¬ 
niently presents it to a single operator. 
Meanwhile, IBM is taking an approach 
that is much simpler (technically, though 
not politically). It is trying to get every 
vendor to adhere to a common network 
management standard. 

IBM dominates the corporate comput¬ 
ing field, and the company’s Systems Net¬ 
work Architecture (SNA) is the most wide¬ 
ly used proprietary networking scheme. 
However, a variety of incompatible net¬ 
work management functions are embed¬ 
ded in SNA. In May 1986, IBM moved to 
consolidate many of them under a com¬ 
mon network management scheme called 
Netview. Then, later in the year, the com- 




Along with their monitoring and analysis 
roles, systems must also give network 
operators the tools to respond to prob¬ 
lems, says Infinet’s Bebe Jordan. 

pany introduced Netview/PC, a product 
designed to help other communications 
vendors design interfaces that make then- 
products compatible with the Netview 
protocols. Unlike most network manage¬ 
ment systems, which deal only with data 
communications, the Netview/PC product 
is also able to support voice communica¬ 
tions products such as private branch 
exchanges. 

Some communications vendors have al¬ 
ready indicated their willingness to con¬ 
nect to the Netview environment. Time- 
plex, for instance, offers a product called 
Link/View that connects one of its propri¬ 
etary network management systems to 
Netview, and has indicated that it plans to 


provide similar interfaces for the rest of 
its product line. “By providing a series of 
compatible interfaces to Netview,” says 
Harry Thomas, VP of marketing, “the 
company recognizes the importance of 
IBM’s efforts to centralize alarm report¬ 
ing of all components of an integrated 
network.” 

Other vendors are not yet convinced. 
Some, such as Codex, question whether 
Netview is powerful enough to manage 
the complex networks common today. 
“The Netview/PC approach is really suit¬ 
ed to bringing small, specific sub¬ 
networks under the control of Netview,” 
says Codex’s Krieg. “Trying to bring a 
very large network with everything from 
high-speed circuits to local networking 
links under the control of Netview would 
to be a pretty daunting task.” 
to Infinet’s Jordan agrees, and also ques- 


IBM's Bill Warner notes that because 
network management is labor-intensive, 
a major goal is to automate as much of 
the process as possible. 

tions the willingness of companies to ac¬ 
quiesce to the IBM standard. “I don’t be¬ 
lieve that the modem vendors, the switch 
vendors, the multiplexer vendors, and so 
on are going to change the protocols they 
have been working on for 10 to 15 years,” 
she says. Still, she admits, “IBM is the 
only one with the potential to implement 
such a standard.” 

For its part, IBM claims simply to be re¬ 
sponding to its users’ needs. “We’re try¬ 
ing to help our customers manage mixed- 
environment networks by helping them 
reduce costs, especially the costs asso¬ 
ciated with the network personnel,” says 
Bill Warner, director of business systems 
management at IBM’s Communications 
Programming Laboratory (Raleigh, 
N.C.). 

Wariness on the part of its competitors 
isn’t the only obstacle IBM must overcome 
in its attempt to establish Netview as a 
standard. “Working against the IBM 
trend is a current effort to produce inter¬ 
national network management stan¬ 
dards,” notes BBN’s Herman. He points to 
work associated with a widely accepted 
networking paradigm called the Open 
Systems Interconnection (OSI) model, 
which sets up standard levels of communi¬ 
cations protocols but says nothing about 
how to manage a network. To remedy this 
shortcoming, the International Standards 
Organization is developing what it calls 
the OSI management framework, which 
Herman says is “like scaffolding erected 
around the basic OSI model.” To effect 
monitoring and control, Herman explains, 
each of the seven layers in the OSI model 
incorporates a mechanism called a layer 
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Expert systems will incorporate not only 
vendor information about equipment 
characteristics, says Codex’s Lou Krieg, 
but also operational data from users. 

manager, which performs all the manage¬ 
ment functions for its layer and communi¬ 
cates with the top-most level of the model, 
the applications layer. Embedded in this 
layer is a specialized protocol that admin¬ 
isters the activity of the lower layer man¬ 
agers and enables communication with 
other OSI networks. 

TTuture trends. In the absence of 
Ll one, universally agreed-upon ap- 
proach, each vendor is trying in its 
JL own way to provide as much inte¬ 
gration as possible, while at the same time 
adding capabilities to its network man¬ 
agement scheme. Doelz Networks (Ir¬ 
vine, Cal.), for example, employs an un¬ 
usual technique to deal with mixed 
communications protocols on a network. 
Instead of interpreting the protocols, the 
Doelz communications products encapsu¬ 
late them with the company’s own propri¬ 
etary protocol. This process essentially 
masks the underlying protocols and per¬ 
mits them to be intermixed freely on the 
network. “We let different communica¬ 
tions applications in a company share the 
same expensive line facilities, and provide 
them with a common network manage¬ 
ment scheme so that one team of people 
can troubleshoot IBM problems, Bur¬ 
roughs problems, or whatever,” says Bri¬ 
an Dietz, Doelz’s manager of high-level 
network management. 

Another area of development—one be¬ 
ing pursued by most network manage¬ 
ment vendors—is automation of monitor¬ 
ing and control tasks. “The biggest 
problem now is that most network man¬ 
agement systems are basically manual,” 
says Herman at BBN. “They feed people 
raw data, and the people must then man¬ 
ually go through relatively complicated 
fault-isolation procedures to fix things.” 

To increase automation will require 
that the network management systems 
diagnose problems and take corrective ac¬ 
tion themselves. As a result, many ven¬ 
dors are turning to artificial intelligence. 
Some have already developed expert sys¬ 
tems that can assist operators in specific 
network management tasks. Case Com¬ 
munications, for example, offers the 
5010ES-DCX, an expert system designed 
to help companies configure networks 
based on Case’s DCX communications pro¬ 
cessors. “The user defines the services 
planned for the network, and the expert 
system then determines the best configu¬ 
rations for supporting those services,” ex¬ 
plains Art Alberding, senior director of 
product marketing. 

Other companies are using expert sys¬ 
tems to attack other pieces of the network 



Avant-Garde’s Barbara Noti says the 
firm’s Net/Advisor expert system can 
assist operators by recommending steps 
for fixing network problems. 


management puzzle. Avant-Garde sells a 
product called Net/Advisor that takes the 
information collected by its Net/Com¬ 
mand monitoring product and helps oper¬ 
ators analyze any problems. IBM also has 
AI projects under way in network man¬ 
agement, says Warner, who adds that 
“the next step is to use expert systems 
technology to have the network system 
perform more of the tasks that now must 
be handled by operations personnel.” 

Warner cautions that the move to incor¬ 
porate AI techniques in network manage¬ 
ment “is much more easily talked about 
than it is to achieve,” and Codex’s Krieg 
says it “will be a long, continuous process 
as the sophistication of the systems im¬ 
proves.” But eventually, AI systems will 
offer the important capability of being 
able to incorporate information both from 
the network users and from the system 
suppliers. “Rule-based expert systems,” 
says Krieg, “will ultimately allow an inte¬ 


gration of user preferences—based on 
their operating experience and individual 
approaches—along with the supplier’s 
knowledge base of its products and how 
best to diagnose them.” 

Even with the aid of technologies such 
as artificial intelligence, however, the fun¬ 
damental problem of integrating products 
from different vendors will not disappear 
overnight. The adoption of the OSI man¬ 
agement framework standards will help, 
but these are not yet fully defined, and 
BBN’s Herman estimates that they won’t 
be ratified for at least two or three years. 
Once these international standards are 
available, “there is good reason to believe 
that they will become a major market 
force,” Krieg predicts, although he adds 
that IBM’s SNA protocols will continue to 
remain widespread even with the advent 
of the OSI management framework. 

Most industry participants agree that 
IBM’s market dominance gives the compa¬ 
ny as good a chance as any to impose 
some measure of standardization and in¬ 
tegration on the network management 
field. This is especially true when it comes 
to monitoring the actual network traffic. 
“IBM already has fairly good command 
over the logical network,” says Herman, 
“and it will remain the leader in this area 
for quite a while.” 

But most agree that even IBM will have 
difficulty in integrating the various net¬ 
work management schemes tied to specif¬ 
ic brands of network devices, despite its 
push to establish the Netview protocols as 
standards. Companies running large IBM 
networks today typically incorporate mo¬ 
dem management systems from vendors 
such as Codex and Infinet as well, says 
Herman, and he sees no indication that 
this situation will quickly change. “Net- 
view is a great marketing ploy,” he says, 
“but I don’t view it as a real breakthrough 
in terms of consolidating network man¬ 
agement capabilities.” As a result, he 
says, “customers will have to resign 
themselves to having some collection of 
physical network management schemes 
for a long time to come.” 

To minimize such incompatibility, Her¬ 
man recommends that users carefully 
evaluate network management issues as 
they build new networks or modify exist¬ 
ing ones. Companies tend to pick architec¬ 
tures for a variety of other reasons, 
including performance requirements, de¬ 
mographic issues, and economic consider¬ 
ations. “Network management,” he says, 
“should be an important determinant, not 
just an afterthought.” □ 

Dwight B. Davis is a senior editor of 
HIGH TECHNOLOGY. 
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THE HNWI'S 
MON COSTS 

Armed with innovative procurement programs, 
the military is boosting industry productivity and competition 

By Peter Gwynne 



r he Pentagon’s procurement methods 

don’t always result in $7600 coffee pots 
and $600 toilet seats. In recent years, 
Defense Department planners have 
been recognizing the need to improve their pur¬ 
chasing practices—a need given new urgency 
now that half a decade of rapidly increasing de¬ 
fense expenditure appears to be ending. 

While saving money is the major goal, the new 
approaches offer other potential advantages. 
Military administrators anticipate that they 
will also help improve the quality of military 
hardware and software, and reduce the length 
of the acquisition cycle, which now averages 
13 years from initial concept to delivery of 
production equipment. Planners also hope that 


fresh ways of ordering systems and parts will 
boost the quality of the nation’s civilian 
technology. 

Two programs—Get PRICE and Competition 
Advocacy—exemplify the new DOD attitude to¬ 
ward contracting. While still in relatively early 
stages, they are claimed to have already im¬ 
proved the efficiency of military acquisition 
and to have saved significant amounts of taxpay¬ 
ers’ money. 


Above: The Get PRICE program offers companies 
the chance to share in the savings made possi¬ 
ble by modernizing manufacturing technology, 
says John Orphanos, of the Air Force’s Electron¬ 
ic Systems Division. 
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ET PRICE. The Get PRICE pro¬ 
gram, started by the Air Force’s 
Electronic Systems Division 
(ESD) at Hanscom Air Force Base 
in Massachusetts, is designed to motivate 
defense contractors to invest in modem, 
cost-effective manufacturing equipment 
for which they would not normally have 
the necessary capital. The incentive is a 
specified share of the overall savings that 
are realized by such investments. 

The inspiration for Get PRICE (an acro¬ 
nym that ESD has reverse-engineered to 
mean Get Productivity Realized through 
Incentivizing Contractor Efficiency) was 
an early-1970s cost-saving program. Us¬ 
ing $25 million in government funds, the 
Air Force identified a series of possible 
cost-reduction opportunities at a General 
Dynamics plant in Fort Worth that built 
the F-16 fighter. General Dynamics 
kicked in $100 million to carry out the in¬ 
novations. The end result was that each F- 
16 cost $300 million less than before— 
with the savings shared by General Dy¬ 
namics and the Air Force. 

ESD has broadened the approach to cov¬ 
er plants that serve different government 
departments with a variety of products. 
In effect, the program is a business deal 
that establishes the ground rules under 
which the government and a contractor 
agree to share the savings that result 
from their joint investment in modernized 
manufacturing facilities. Three funda¬ 
mental principles underlie each Get PRICE 
contract: both the government and the 
contractor must agree that their capital 
investment will improve factory opera¬ 
tions and lead to lower prices for the gov¬ 
ernment; incentive payments can only 
come out of the negotiated price reduc¬ 
tion; and the agreement is not necessarily 
limited to a specific time period or govern¬ 
ment program. 

The process starts when the contractor 
presents proposals to improve capital 
equipment in order to increase the produc¬ 
tivity and cut the costs of a contract that 
the firm has already received. According 
to John A. Orphanos, deputy for acquisi¬ 
tion logistics & technical operations at 
ESD, such proposals can benefit from ex¬ 
tras not specified in the original request 
for proposals—such as offering more 
than minimum specifications, providing 
rigorous design and reliability testing, 
and giving ironclad guarantees. If a gov¬ 
ernment review board approves the mea¬ 
sures, the contractor and ESD negotiate 
the incentives—a flat dollar amount up to 
a specified maximum, based loosely on an 
agreed rate of return on the contractor’s 
investment—that the contractor will be 
eligible to earn over a period that can ex¬ 
tend to several years. 

The wide-ranging benefits of Get 
PRICE are illustrated by the program’s 


guinea pig. In 1980, Westinghouse’s De¬ 
fense and Electronic System Center (Bal¬ 
timore) was undertaking 20 different De¬ 
fense Department contracts for all three 
services in a single facility. In its propos¬ 
als for a contract, the company empha¬ 
sized generic improvements in its factory 
operations that could apply to all of its De¬ 
fense Department work. 

The actual Westinghouse program, 
started in 1983, focused on three work 
centers for avionics systems: SEAS (Stan¬ 
dard Electronic Assembly System), 
REACH (Robot-Enabled Assembly of Ca¬ 
bles and Harnesses), and MARK (Material 
Accountability and Robotic Kitting). The 
initial phase of the effort also led to 
a new electronic assembly plant in College 
Station, Tex.—probably the most modern 
printed circuit factory in the U.S.—built 
entirely with Westinghouse funds; the 
second phase, now under way with an Air 
Force contribution of $6.9 million in 
seed money, plans to use the technology 
for production in such programs as the 
radars for the F-16 and E-3A planes, 
and the ALQ-131 electronic countermea¬ 
sures pod. 

Initial results of the program show 
high promise. Savings have totaled more 

The Get PRICE program 
has already saved 
the Air Force more 
than it has paid out 
in seed money. 


than $50 million, and Westinghouse has 
received almost all its initial incentive pay¬ 
ment of $22 million. In addition, says Ger¬ 
ald Zahn, director of technology modern¬ 
ization and industrial management at 
ESD, “we have seen the quality of the 
product improve substantially.” Before 
the program started, only 30-35% of the 
circuit boards prepared manually had no 
faults. Now, reports Zahn, about 90% 
come off the automated assembly line at 
College Station in perfect condition. Ac¬ 
cording to Bernard Lavoie, ESD’s director 
of manufacturing, the efficiency of the 
factory is already double that of the aver¬ 
age U.S. assembly plant, and is approach¬ 
ing the efficiency of the most advanced 
Japanese plants. 

Other Get PRICE programs span a wide 
range of contractors and capabilities. 
General Electric (Syracuse) has built a 
new machining center for its Seek Igloo, 
North Warning, and Peace Shield ground- 
based radar programs. Rockwell Interna¬ 
tional’s Collins Government Avionics Di¬ 
vision (Cedar Rapids, la.) has created an 


integrated chip assembly system and ro¬ 
bot-assisted mechanical preparation, both 
of which automate electronic assembly 
operations that were previously labor-in¬ 
tensive. Collins has also developed new 
systems to enhance quality control and 
improve integration of design and manu¬ 
facturing data for the Navstar Global Po¬ 
sitioning System and for the Air Force’s 
JTIDS (Joint Tactical Information Dis¬ 
tribution System) Class II ground- 
to-aircraft datalink terminal program. 
Hazeltine Corp. (Greenlawn, N.Y.) and 
Singer’s Kearfott Division (Little Falls, 
N.J.) have also modernized work centers 
that mainly benefit the JTIDS program. 
GTE’s Government Systems Corporation 
(Needham, Mass.), Raytheon’s Equip¬ 
ment Manufacturing Division (Waltham, 
Mass.), Magnavox (Fort Wayne, Ind.), 
Bell Aerospace (Buffalo, N.Y.), and 
Boeing (Seattle) have also started Get 
PRICE programs. 

Get PRICE has already moved into the 
black: the $30.5 million of seed money ad¬ 
vanced by ESD for projects by 11 contrac¬ 
tors has been exceeded by the $37.3 mil¬ 
lion in savings that ESD has earned from 
the projects run by Westinghouse and 
General Electric alone, and the Air Force 
regards that as just a sampler. By 1991, it 
estimates, the program will have yielded a 
total savings of about $1.1 billion, based 
on cost comparisons of manufacturing in 
the Get PRICE plants before and after the 
modernization that the program provides. 
Meanwhile, the companies in the program 
have spent close to $200 million on new 
manufacturing technology that they 
probably would not otherwise have 
purchased. 

The initial participants in the program 
were prime contractors who signed their 
agreements directly with ESD. The divi¬ 
sion has now taken the next step—putting 
a prime contractor in charge of a Get 
PRICE program that will encourage its 
subcontractors to share in savings made 
possible by investing capital to modernize 
their facilities. A new office at the Grum¬ 
man plant in Melbourne, Fla., which man¬ 
ufactures components of the Joint STARS 
radar system, will work on its own Get 
PRICE agreements with about a dozen of 
its subcontractors. 

Get PRICE is also encouraging new 
forms of technology transfer among de¬ 
fense contractors. Because the technolo¬ 
gies encouraged by the program are ge¬ 
neric, they can be readily adapted to 
defense plants other than those for which 
they were originally designed. That gives 
Get PRICE contractors the opportunity to 
do business with other defense compa¬ 
nies. Westinghouse, for example, has re¬ 
cently agreed to adapt its smart manufac¬ 
turing technology for the electronic 
assembly of the MX missile system being 



HIGH TECHNOLOGY/MAR 1987 









undertaken by Rockwell International 
(Anaheim, Cal.); it is also working on a cir¬ 
cuit card assembly processing system for 
a Navy-funded program under develop¬ 
ment by IBM (Oswego, N.Y.). 

Thomas Murrin, president of Westing- 
house’s energy and advanced technology 
group, sees this type of technology trans¬ 
fer as one of the program’s major contri¬ 
butions to enhancing American industry’s 
global competitiveness. “The cooperation 
that comes from working more closely 
with American contractors, even though 
they are at times our competitors, will en¬ 
able us to do what the Japanese have been 
doing magnificently throughout their in¬ 
dustry for 20-30 years: competing and co¬ 
operating at the same time.” 

The program did not initially receive 
universal acclaim. Prom the start, critics 
in the Air Force, Congress, and industry 


Anthony DeLuca, the ‘‘competition advo¬ 
cate” at Air Force Systems Command, 
has doubled the percentage of AFSC 
contracts awarded competitively. 



have expressed two major concerns. One 
is that Get PRICE encourages too much 
cozying up between the government and 
its contractors. But much of that concern 
has abated, because of the positive results 
realized so far. “The fact that, unlike the 
situation in most defense contracts, both 
government and contractors must put up 
capital for Get PRICE programs,” says 
Lavoie, “means that both are more willing 
to cooperate on improving efficiency, and 
hence guaranteeing returns on their 
investments.” 

Another significant worry is that the 
accounting systems traditionally used to 
figure costs in military contracts seem un¬ 
able to quantify fully the savings that Get 
PRICE ostensibly generates. Observers 
basically agree that the cause of the prob¬ 
lem is the accounting methods’ unsuitabil¬ 
ity to today’s contracting arrangements 
rather than the lack of significant sav¬ 
ings. The difficulty of detecting the sav¬ 
ings, however, has led groups in the mili¬ 
tary and contractor sectors to seriously 
study new accounting methods. 
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C OMPETITION ADVOCACY. For 
years, the sole-source contract, 
renewed annually, was a staple of 
defense procurement. But on 
April 1,1985, the Competition in Contract¬ 
ing Act became law. Under its terms, 
“competition advocates” in each branch 
of the service must ensure that, wherever 
possible, bids on contracts for Defense 
Department work should be competitive. 
The job is not a passive one; competition 
advocates are charged with actively ar¬ 
ranging for competition among defense 
firms for contracts that do not initially 
draw more than a single bid. 

Two years after the act became law, the 
concept of Competition Advocacy, pio¬ 
neered by Navy Secretary John Lehman, 
has become part of the services’ infra¬ 
structure. The Navy now has 74 competi¬ 
tion advocates, the Air Force 63, the Army 
26, and the Defense Logistics Agency 15. 

The initiative plainly represents a politi¬ 
cal response to public perceptions about 
the Defense Department’s procurement 
practices. “We have been in a defensive 
crouch on hammers, toilet seats, and cof¬ 
fee makers, and breaking down the barri¬ 
ers to competition comes to grips with 
that,” says Thomas E. Cooper, Air Force 
assistant secretary for research, develop¬ 
ment and logistics. 

Such advocacy is producing positive re¬ 
sults in terms of both lowered costs and 
the creation of a larger industrial base for 
any specific kind of military system. Ac¬ 
cording to Lehman, strong competitive 
pressure reduced the cost of the McDon¬ 
nell Douglas F/A-18 from $22.5 million in 
1982 to $18.7 million three years later. 
Similar savings were recorded for the Na¬ 
vy’s Grumman F-14A, A-6E, and Lock¬ 
heed P-3C programs. In one spectacular 
example, a contractor asked for $6 million 
to develop a missile system for the Air 
Force’s Electronic Systems Division, and 
turned down ESD’s counteroffer of $4 mil¬ 
lion. So ESD set up a competition for the 
production—and awarded the contract 
for just $1.5 million. In another example, 
the price paid by the Air Force Logistics 
Command (Wright-Patterson Air Force 
Base, Ohio) for outer wing-tip skins for its 
F-4 fighter dropped from $2066 to $194 
apiece. 

Sparking fresh competition among con¬ 
tractors who have invested huge amounts 
of capital in large military programs is not 
easy. The military business, after all, is a 
seller’s market; whereas companies in the 
civilian sector must seek out or create a 
demand for their products, the armed ser¬ 
vices have an obligation to buy products, 
and hence must seek out companies that 
will sell to them. So traditionally, the com¬ 
petition for military contracts has oc¬ 
curred only in the earliest stages, before 
the individual service makes its initial 


choice of contractor. Once that first con¬ 
tract is awarded, the recipient tends to be 
favored, and rival companies are leery of 
competing for follow-up work. “We’ve 
found in the past that when a sources- 
sought synopsis was issued where we’ve 
previously had a single source, other po¬ 
tential competitors tended to shy away,” 
says Anthony J. DeLuca, competition ad¬ 
vocate at Air Force Systems Command 
(Andrews Air Force Base, Md.). 

One way of breaking this cycle is to ag¬ 
gressively solicit companies that would be 
unlikely to compete without encourage¬ 
ment. By alerting contractors and subcon¬ 
tractors to forthcoming projects, for ex¬ 
ample, the services stimulate new 
competition. In one notable case, the Air 
Force persuaded Raytheon to compete 
with General Electric to build west- and 
south-facing units for a network of over- 
the-horizon radars that will detect enemy 
bombers and cruise missiles, even though 
GE developed and built the initial east¬ 
facing unit (HIGH TECHNOLOGY, Nov. 
1986, p. 46). 


In addition to reducing 
costs; Competition Advoca¬ 
cy is creating a larger 
industrial base for 
military systems. 

Another tactic is to encourage contrac¬ 
tors to form teams to bid for new con¬ 
tracts. Once the winning team’s develop¬ 
ment work is completed, team members 
become independent contractors again, 
competing among themselves for shares 
of the production contract. The Navy and 
Air Force have specified this form of com¬ 
petition for the Integrated Electronic 
Warfare System—the self-protection sys¬ 
tem, expected to cost more than $2 million 
per aircraft, that will be installed on the 
Advanced Technlogy Fighter and the Ad¬ 
vanced Tactical Aircraft (HIGH TECHNOL¬ 
OGY, Aug. 1986, p. 56). 

An even more direct approach is known 
as the leader-follower dual source. The 
leader is the major designer and builder of 
a new system—the company that former¬ 
ly would have been the sole prime contrac¬ 
tor. The follower is a company brought in 
by the military to share the technology, 
learn the specifics of the business, and bid 
against the leader for future business. 
The Air Force called for such a relation¬ 
ship in the contract for the AMRAAM mis¬ 
sile, in which Hughes Aircraft (Canoga 
Park, Cal.) is the leader and Raytheon 
(Bedford, Mass.) the follower, and in the 
MILSTAR radar system, in which Ray¬ 


theon, Rockwell International (Santa 
Ana, Cal.), and Bell Aerospace Textron 
(Niagara Falls, N.Y.) alternate as leaders 
and followers on specific components. 

Competition advocates have shown 
some impressive results. In fiscal 1986, 
for example, Air Force Systems Com¬ 
mand awarded 49.4% of its contracts com¬ 
petitively, up from just 26% two years ear¬ 
lier. For Defense Department contracts 
as a whole, the dollar volume of contracts 
awarded competitively has increased 
from about 35% in 1984 to almost 50% this 
fiscal year. 

But competition does not always meet 
the mandate of improving the quality and 
cost of equipment acquired by the mili¬ 
tary. “You need to avoid myopic aggres¬ 
siveness,” says DeLuca, because some 
programs would not benefit from compe¬ 
tition. He cites as an example the $40 mil¬ 
lion B-1B bomber: “If we tried to set up a 
second supplier, the cost would be more 
than any realized savings from that lead- 
er-follower competition.” The Air Force 
learned that lesson when it tried to set up 
Teledyne (Los Angeles) in competition 
with Williams International (Walled Lake, 
Mich.) to build engines for cruise missiles. 
The cost of the competitive engines came 
in at almost double the Williams cost of 
$176,000 per engine. In both cases, the 
size and complexity of the program re¬ 
duce the chances that a competitor start¬ 
ing from scratch will be able to realize 
savings. 

Predictably, the services’ enthusiasm 
for induced competition is not entirely 
shared by industry. Prime contractors, in 
particular, worry that subcontractors 
who win through forced competition may 
not be as sophisticated in technology and 
quality control as the incumbents that 
they replace. The result could be a reduc¬ 
tion in the quality of the prime contrac¬ 
tors’ products. Contractors also complain 
that Competition Advocacy forces them 
to undercut themselves by releasing to 
potential competitors technical details 
that they regard as proprietary. 

Nevertheless, the services argue that 
competition is here to stay—that while 
supporting an infrastructure of Competi¬ 
tion Advocacy costs money, it also yields 
results. First, the Department of Defense 
estimates that competed contracts save 
about 10% over sole-sourced contracts. 
There’s also the belief that defense com¬ 
panies tend to improve their efficiency 
with the mere mention of the possibility of 
competition. Finally, the need to invoke 
appropriate competitive bids for major 
contracts and subcontracts has forced the 
services to examine their own specifica¬ 
tions and procedures more thoroughly 
than before, an exercise that has itself re¬ 
sulted in greater efficiency and savings 
across the military spectrum. 
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COMPETITION: THE CASE OF THE ATF 

r he Air Force expects to save time and money by emphasiz¬ 
ing competition in development of the Advanced Technolo¬ 
gy Fighter (ATF), the new aircraft designed to ensure U.S. 
air superiority and scheduled to begin service in the mid- 
1990s. Under traditional practice, the Air Force would have 
selected three individual airframe contractors last October for the 
project’s demonstration and validation phase. Competition would have 
ended after a year, with the Air Force selecting a single contractor to 
develop the prototype ATF airframe and eventually to manufacture it. 
That schedule would have produced an operational craft in 1997. 

Under the new rules, the Air Force will maintain competition 
throughout the process—ironically, by encouraging teamwork at the 


beginning. It urged the seven contractors submitting bids to form 
teams, and awarded demonstration and validation contracts to the 
two groups that did so: Northrop Corp. in alliance with McDonnell 
Douglas, and the trio of Lockheed, General Dynamics, and Boeing 
Military Airplane. 

The two groups are encouraged to complete their contracts—and 
the follow-up work leading to prototype airframes—as fast as possi¬ 
ble. The date of completion will be one factor in the selection, sched¬ 
uled for 1991, of the team that will build the plane. The winning team 
will be expected to produce an operational ATF by 1995, at which point 
its members will separate to compete with each other for shares of 
the new production contract. 


O THER PROGRAMS. A variety of 
other projects also designed to 
control costs by increasing effi¬ 
ciency are now in their early 
stages. They include “early prototyping” 
and “readiness improvements through 
systems engineering” (known as RISE 
2000 ). 

The effective development of new tech¬ 
nology into usable military vehicles, 
weapons, and manufacturing 
systems has often been doomed 
by the Pentagon’s failure to 
check such systems at the proto¬ 
type stage. As a result, dubious 
programs go into production, at 
a total cost, estimated by Hew¬ 
lett-Packard cofounder David 
Packard, of tens of billions of 
dollars. Almost every group 
calling for reform of military 
procurement practices (includ¬ 
ing Packard’s Blue Ribbon Com¬ 
mission on Defense Manage¬ 
ment, which reported to 
President Reagan last year) has 
called on the Pentagon to insist 
on the doctrine of “fly before 
you buy”—that is, to test a pro¬ 
totype of any system fully be¬ 
fore making any commitment to 
purchase it. 

There is evidence that the Defense De¬ 
partment is now heeding the call. Last 
fall, it authorized the Defense Advanced 
Projects Research Agency (DARPA) in Ar¬ 
lington, Va., to provide early prototyping 
and proof-of-concept demonstrations for 
major programs such as new fighters and 
bombers. The authorization represents an 
expansion of authority for DARPA, which 
has traditionally developed new systems 
to the point of application, and then 
passed them on to the individual services. 

Bolstering this new management ap¬ 
proach is a new software-based technique 
called rapid prototyping. It simplifies the 
task of putting together prototypes of 
computer systems for new uses. Because 
users unfamiliar with computers can rare¬ 
ly specify their needs precisely, proto¬ 
types built to their stated requirements 


often fail to work as expected. Modifying 
such prototypes costs time and money. 
Rapid prototyping, pioneered by TRW (Re¬ 
dondo Beach, Cal.), is an interactive 
means of assembling prototypes that in¬ 
volves users from the start. The initial 
prototype takes 14 to 30 days to build. Ac¬ 
tual operation of the prototype by users 
enables designers to modify it within days 
to resemble the final system. According 


Cost-saving programs that encourage 
technology transfer among military 
contractors enhance U.S. industry’s 
competitiveness, claims Westinghouse’s 
Thomas Murrin (left). 

to TRW engineer Larry L. McLaughlin, 
rapid prototyping can save as much as a 
third of the life-cycle costs of military sys¬ 
tems, and can reduce maintenance costs 
by more than 40%. 

The other major cost-control project, 
RISE 2000, was initiated as a response to 
ESD’s realization that its incentives and 
warranties varied widely from contract to 
contract. Overspecification tended to drive 
up costs unnecessarily, while the effort to 
ensure the reliability and maintainability 
of equipment purchased by ESD was main¬ 
ly controlled by individuals more adept at 
calculating statistics than at hands-on en¬ 


gineering. According to one count, the di¬ 
vision had more than 50 different ways of 
quantifying reliability, and was depending 
on more than 45,000 military standards, 
many of them inconsistent or completely 
ineffective, to define its purchases. 

RISE introduces what Lee Pollock, direc¬ 
tor of ESD’s Systems Readiness Engineer¬ 
ing Office, calls a “back-to-basics ap¬ 
proach.” It involves 14 “methods,” or 
specific, simplified tasks, that 
define the reliability and main¬ 
tainability of the finished prod¬ 
ucts. These include the criteria 
that the contractor must use to 
develop a reliability plan; the 
methods to record, analyze, and 
correct faults; and techniques of 
environmental stress screening. 
Thus, instead of trying to follow 
traditional but often confusing 
standards and specifications, 
contractors in the RISE program 
receive clear instructions on 
what is expected of them. The 
approach has already produced 
dividends. According to Pollock, 
the reliability of more than 25 
ESD programs has increased 25- 
125% over the first three years 
of RISE. 

j few programs plainly do not 
/ make a revolution, particularly in 
r~ an enterprise as large as the mili- 
JL JL tary-industrial complex. Individ¬ 
ual overpriced items will continue to be¬ 
muse the public, embarrass the Pentagon, 
and arouse the military’s critics. But the 
early success of new approaches such as 
Get PRICE, Competition Advocacy, proto¬ 
typing, and RISE indicates that the De¬ 
fense Department not only can save tax¬ 
payers’ money but can do so while 
improving the quality of the nation’s tech¬ 
nological base. □ 

Peter Gwynne is a senior editor o/HIGH 
TECHNOLOGY. 


For further information see 
RESOURCES, p. 64. 
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This mountain exists inside a computer, and can be seen on a 
computer screen. It was built only with numbers. And it exists only 
because of one man’s idea. 

The man is Benoit Mandelbrot, a mathematician and an IBM Fellow. 
And his idea is known by the name he gave it: fractal geometry. 

This geometry is a new, non-traditional area of mathematics. Now 
scientists and artists can create computer images-like this mountain-that 
have all the quirks and irregularities of natural objects. That wasn’t 
possible before fractals, and it’s changing the way we look at the world. 





Fractal image by IBM physicist Dr. Richard Voss. 



Of course, ideas like fractal geometry don’t just happen. It takes 
support and encouragement, which is one reason why the IBM Fellow 
Program was created. It’s a program that gives a select group of IBM 
scientists and engineers the freedom to take risks, and pursue their ideas 
wherever they may lead. 

Today, there are over 50 IBM Fellows. Their influence on science and 
computer technology doesn’t stop with their innovative thinking. 

Because they’ve also shown us that the freedom to explore ideas can 
lead to places never imagined before. ===^.~ == 







GALLIUM 


ARSRUDE 



with optical capabilities and speed 


ilicon is plentiful and easy to work 
with, but its shortcomings are be¬ 
coming increasingly evident. It can¬ 
not practically be made to emit 
light, so it is useless for making the lasers 
and LEDs that form the heart of fiber op¬ 
tics, optical disc readers, and future opti¬ 
cal computers. Speed is another limita¬ 
tion. Silicon devices perform poorly or not 
at all at microwave frequencies (often 
tens of gigahertz); in digital systems, sili- 


by John G. Posa 


con’s relative sluggishness puts a ceiling 
on the number of bits per second that a 
circuit can handle. 

Gallium arsenide shines where silicon 
slumps. Electrons are about five times as 
mobile in GaAs as they are in silicon, re¬ 
sulting in proportionately higher operat¬ 
ing speeds. Moreover, GaAs devices can 
emit light, withstand higher tempera¬ 
tures, and survive higher doses of radia¬ 
tion (such as the alpha particles emitted 
by some electronic packaging materials). 
Among the latest digital GaAs circuits are 


ultrafast memories and “gate array” 
chips, which users can configure into 
high-speed number-crunching elements. 
Supercomputer manufacturers are test¬ 
ing these devices in preparation for their 
next-generation systems, which will em¬ 
ploy GaAs for some crucial functions. 

Unfortunately, GaAs has its own se¬ 
vere drawbacks: it is difficult to produce 
and to work with. Whereas silicon crys¬ 
tals can be grown six inches in diameter 
(and eight-inch crystals are in the offing), 
GaAs ingots yield substrates barely three 
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Arsenic 


SOLUTION: OFF-ORIENTATION 


Top: With conventionally cut Si, some areas bond 
first to Ga and others to As, forming "antiphase do¬ 
mains" that weaken the material and impede current. 
Bottom: Slicing Si on a different crystal plane from 
normal exposes an atomic stairstep that attracts As. 


PROBLEM: LATTICE MISMATCH 


Delect caused by uneven spacing 


SOLUTION: BUFFER LAYER 



Top: Silicon atoms are closer together than GaAs at¬ 
oms; stresses from this mismatch cause crystal de¬ 
fects. Bottom: An intermediate layer can soothe the 
difference in atomic spacing. 


inches in diameter. And unlike hard, sil¬ 
very silicon, grayish GaAs is soft and 
fragile, tending to break during slicing, 
scratch during polishing, and chip during 
handling. Typically fewer than half of the 
wafers remain intact. Such difficulties 
have kept gallium arsenide expensive; its 
use for large integrated circuits has been 
limited mainly to military systems in 
which high speed and radiation hardness 
are essential. 

But recent developments suggest that 
gallium arsenide will ride into the com¬ 
mercial mainstream literally on the back 
of the now dominant semiconductors. The 
concept is simple: deposit GaAs on top of 
silicon to reap the advantages of both ma¬ 
terials. The resulting wafers would com¬ 
bine the speed and optoelectronic proper¬ 


ties of GaAs with the mechanical 
ruggedness of silicon. And almost over¬ 
night, the process could double the diame¬ 
ter of GaAs starting materials from three 
inches to six, with an attendant increase 
in production throughput. With silicon as 
a stronger base material, gallium arse¬ 
nide substrates could be processed with 
far fewer damaged during production, 
and could be more easily handled by auto¬ 
mated tools such as robot arms. 

Although no GaAs-on-Si devices have 
hit the market, activity is widespread; 
commercialization seems likely during the 
next 18 months. Texas Instruments (Dal¬ 
las) recently built a 1-kilobit memory in 
GaAs-on-Si that performed identically to 
versions made with straight GaAs. Start¬ 
up Kopin (Taunton, Mass.) promises pro¬ 


duction of GaAs-on-Si wafers sometime 
this year. Nearby, both GTE Laboratories 
(Waltham, Mass.) and Spire (Bedford, 
Mass.) are building solar cells in GaAs-on- 
Si. The two materials absorb slightly dif¬ 
ferent portions of the sun’s spectrum, so 
if they work together they might convert 
as much as 30% of incoming light into elec¬ 
tricity—about twice the efficiency of con¬ 
ventional silicon solar cells. 

And the trend toward growing one elec¬ 
tronic material on top of another won’t 
stop with GaAs-on-Si. Already, great 
progress is being made in depositing oth¬ 
er materials on silicon—and on GaAs-on- 
silicon. Ford Aerospace & Communica¬ 
tions (Newport Beach, Cal.), for instance, 
is working with such multilayer struc¬ 
tures in order to increase the size of infra- 
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red detectors used in many military sys¬ 
tems. The active ingredient in these 
detectors—mercury cadmium telluride 
(HgCdTe)—works best if deposited onto 
cadmium telluride (CdTe); unfortunately, 
it is extremely difficult to fabricate large, 
high-quality CdTe wafers. Ford attacks 
the problem by starting with a sturdy sili¬ 
con foundation and coating it with GaAs, 
a material with which CdTe is more com¬ 
patible. CdTe is grown on top of the GaAs, 
and HgCdTe on top of that. Not only can 
Ford produce bigger sensors this way, 
but the silicon in the resulting device 
could be used for signal-processing 
circuits. 

When GaAs and other materials are 
combined with silicon, each material can 
handle the tasks it’s best suited for. Intel¬ 
ligent camera imagers or flat-panel dis¬ 
plays, for example, could mate nonsilicon 
picture elements with silicon image-pro- 


masks during device fabrication. But in 
order for GaAs to adhere, the oxide must 
be stripped away to expose a bare silicon 
substrate. 

• Gallium arsenide expands with heat 
about twice as fast as silicon does. Thus 
the cool-down to room temperature after 
the high-temperature deposition of GaAs 
results in a bowed wafer. 

• Gallium arsenide can grow in two dif¬ 
ferent orientations, or phases. In some ar¬ 
eas of the substrate, gallium atoms are 
the first to attach to the silicon; in other 
areas, arsenic lands first. When islands of 
GaAs from the two types of starting pos¬ 
sibilities meet, gallium will hit gallium 
and arsenic will hit arsenic. These “anti¬ 
phase” defects hinder the flow of current. 

• The atoms in a crystal of GaAs are 
slightly farther apart than those in sili¬ 
con; at the interface there are about 24 
gallium and arsenic atoms for every 25 sil- 


For fiber optic systems, lasers ami photosensors 
made of GaAs could team up with silicon circuitry 
that handles memory and signal-processing 
chores—all on the same chip. 


cessing circuitry. And in fiber optic tele¬ 
communications, lasers and light detec¬ 
tors made of gallium arsenide could team 
up with silicon circuitry that handled 
memory and signal processing chores, all 
on the same chip. 

Taking a step in this direction, research¬ 
ers at MIT’s Lincoln Laboratory recently 
reported the integration of a GaAs light- 
emitting diode and a silicon transistor on 
the same silicon substrate. Such a combi¬ 
nation permits very-large-scale ICs to 
communicate with each other optically, 
avoiding the electromagnetic interference 
that plagues electrical interconnections. 

An extension of this work could result 
in a single-chip repeater for fiber optic 
communications. Light from the fiber 
would strike a silicon photodetector; the 
resulting electronic signal would be am¬ 
plified and perhaps reshaped by other sili¬ 
con signal-processing elements, and then 
fed into the GaAs laser, which would 
launch a light beam into the output fiber. 
An optoelectronic chip with several inputs 
and outputs could serve as a crosspoint 
switch to match parties on the telephone 
network. 

While GaAs-on-Si devices have been 
demonstrated in the laboratory, several 
major technical problems are impeding at¬ 
tempts to launch them into the market¬ 
place. Among the biggest difficulties: 

• Silicon oxidizes easily. In conventional 
IC fabrication, the ready formation of sili¬ 
con dioxide (Si0 2 ) is helpful; the oxide can 
be etched to produce insulating layers and 


icon atoms. This lattice mismatch accumu¬ 
lates during growth, causing defects. 

One way to lessen the effect of the dif¬ 
ference in atomic spacing between silicon 
and gallium arsenide is to introduce a 
buffer layer of a third material. Germani¬ 
um, for example, forms a strong alloy 
with silicon, and its crystal lattice match¬ 
es that of GaAs. Germanium interlayers 
have been widely studied—at the Univer¬ 
sity of Illinois (Urbana), the Toyko Insti¬ 
tute of Technology, and Nippon Tele¬ 
graph & Telephone, for example—but the 
technique is falling into disfavor, in part 
because germanium atoms tend to diffuse 
into the GaAs layer, causing undesirable 
changes in the material’s electrical 
behavior. 

In another approach, researchers at 
Nagoya University separate the GaAs 
from the Si by a stack of thin layers, each 
differing slightly in composition from its 
neighbors. They deposit on silicon a layer 
of gallium phosphide (GaP). Then comes a 
series of extremely fine layers of GaAsP, 
each containing a higher ratio of arsenic 
to phosphorus, until at the top the materi¬ 
al is pure GaAs. This “strained-layer su¬ 
perlattice” gradually relaxes the large 
lattice mismatch arising from the unequal 
atomic spacing. 

But the advent of new direct-growth 
techniques may eliminate the need for 
such superlattice structures. Oki Electric 
(Tokyo) uses a simple two-step growth 
process: a relatively thin GaAs layer is 
grown on the silicon wafer at about 


450° C; this layer does not possess good 
crystalline qualities, but it provides a sin¬ 
gle strained bond between the silicon and 
a thicker GaAs film that is deposited on 
top of it. Oki has fabricated transistors 
and LEDs on wafers made with this pro¬ 
cess, and has found that such devices per¬ 
form identically to those made with pure 
GaAs wafers. GTE Labs has developed a 
similar process, and aims to use GaAs-on- 
Si to build solar cells, high-speed transis¬ 
tors, and digital gate arrays. 

Most GaAs-on-Si fabrication involves 
one of two fabrication techniques: molec¬ 
ular beam epitaxy (MBE) or metalorganic 
chemical vapor deposition (MOCVD). In 
MBE, a silicon wafer is heated inside an 
evacuated stainless-steel vessel. Within 
the chamber are shuttered cells contain¬ 
ing the elements that are to he deposit¬ 
ed—that is, gallium and arsenic. Opening 
the shutters permits atoms to escape 
from the container; some of them fly to¬ 
ward the wafer and adhere to its surface. 
In MOCVD, by contrast, the silicon wafer 
sits in a container at or near atmospheric 
pressure, and the elements for deposition 
are contained in such compounds as ar¬ 
sine and trimethyl gallium. Heat from the 
wafer dissociates the compounds; the mol¬ 
ecules’ metallic constituents (gallium and 
arsenic) stick to the wafer while the re¬ 
maining portion is exhausted as hydrocar¬ 
bons and hydrogen gas. 

MBE is an extremely powerful tool that 
can grow just about any material onto any 
other material with extreme precision. 
The process has several drawbacks, how¬ 
ever. For one, the machines are expen¬ 
sive, costing upwards of a million dollars. 
Also, the need for radically low pressures 
reduces throughput; even the fastest 
MBE machines process only a few small 
wafers at a time, whereas some MOCVD 
system can handle 10-20 wafers at once. 
Thus while MBE will continue to be used 
as the proving ground for new GaAs-on-Si 
structures, MOCVD appears destined to 
become a production workhorse. 

Although MBE and MOCVD can deposit 
precise films to ease the lattice mismatch 
between silicon and gallium arsenide, 
they do not alleviate the materials’ ther¬ 
mal incompatibility, which remains a ma¬ 
jor hurdle to commercialization. GaAs- 
coated silicon wafers sometimes bow to a 
radius of curvature as small as 5.5 meters, 
according to Ross C. Bean, principal scien¬ 
tist for advanced semiconductor technolo¬ 
gy at Ford Aerospace; ordinary silicon 
wafers, he says, are 10 times as flat. The 
warped wafer is prone to cracks and 
breakage. As one possible solution to this 
thermal mismatch, Bean proposes grow¬ 
ing GaAs only on those portions of the sili¬ 
con wafer that will be occupied by the cir¬ 
cuitry; GaAs could be etched away from 
all other areas so that warps would not 
accumulate. 
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Right: Silicon sub¬ 
strates “might 
finally bring gallium 
arsenide into com¬ 
mercial viability,” 
says Kopin’s Paul 
Smith. Below: 
Wafers ready for 
GaAs deposition. 


conductors “might finally bring gallium 
arsenide into commercial viability.” Galli¬ 
um arsenide on silicon, he contends, could 
garner up to 35% of the GaAs substrate 
business. Moreover, GaAs-on-Si wafers 
may have half the defects of those in con¬ 
ventional gallium arsenide production. 
With silicon as the substrate, Smith main¬ 
tains, yield could soar to 70-90%; and with 
breakage less of a problem, GaAs chip 
makers will eagerly use larger wafers. 
Smith says that Kopin will offer six-inch 
wafers of GaAs-on-Si at a price competi¬ 
tive with three-inch gallium arsenide 
wafers. □ 

John G. Posa, marketing and sales man¬ 
ager at Crystal Specialties (Portland, 
Ore.), is a former senior editor o/HIGH 
TECHNOLOGY. 


For further information 
RESOURCES, p. 61 


Even when fabri¬ 
cation problems are 
solved, there are 
some applications 
for which GaAs-on- 
Si will not be suit¬ 
able, at least not 
right away. This ex¬ 
clusion applies, for 
example, to devices 
that rely on the con¬ 
duction of positively 
charged “holes” as 
well as negatively 
charged electrons— 
a category that in¬ 
cludes certain types 
of efficient solar 
cells as well as bipo¬ 
lar transistors. The 
problem is that the 
stresses created in 
the GaAs layer form 
sites where elec¬ 
trons and holes re¬ 
combine, degrading 
device performance. 

Another area 
where GaAs-on-Si 
might not soon com¬ 
pete with bulk GaAs 
is extremely-high- 
frequency analog 
circuits such as milli¬ 
meter-wave transis¬ 
tors. These devices 
require a highly re¬ 
sistive substrate ma¬ 
terial so that current 
does not bleed from 
one device to anoth¬ 
er on the same chip; 
silicon is more con¬ 
ductive than GaAs 
and so leads to poor¬ 
er performance. 

And those who are 
skeptical about the 
future of GaAs-on-Si 
cite the fate of an 
earlier technology— 
silicon-on-sapphire 
(SOS). Such devices 
were touted as superfast and radiation-re¬ 
sistant alternatives to plain silicon cir¬ 
cuits. Despite valiant attempts at com¬ 
mercialization by RCA and other 
companies, SOS remained too expensive 
for its speed advantage, and the technolo¬ 


gy was relegated to costly aerospace 
programs. 

Unlike SOS, however, GaAs-on-Si offers 
features that are attractive for larger 
markets. Kopin President Paul Smith pre¬ 
dicts that marrying the two premier semi- 
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CAN JAPAN LAUNCH 
A COMMERCIAL 
AIRCRAFT INDUSTRY? 


What the Japanese ha ve learned from Boeing could land them 
a slice of the world's airliner market 

By Robert Poe 


r he first time Japanese companies 
and Boeing Commercial Airplane 
agreed to a joint production ef¬ 
fort, the result was a successful 
airliner, the 767, which went into service 
in 1982. Now they’re collaborating on an¬ 
other plane—the 150-seat 7J7, incorporat¬ 
ing radical new technologies and due in 
1992. These partnerships have fueled con¬ 
cern that the Japanese will go it alone in 
coming years with their own aircraft, us¬ 
ing know-how acquired from the Seattle 
aerospace giant. 

Japanese government and aircraft-in¬ 
dustry officials uniformly deny the possi¬ 
bility—not necessarily because they 
wouldn’t like it to happen, but because 
they feel that Boeing is too strong a com¬ 
petitor to tackle head-on, and that Japan’s 
domestic base is too small for an aircraft 
industry. 

Many analysts agree. But they caution 
that Japanese money and technology will 
nevertheless increase the nation’s influ¬ 


ence in the civil aircraft business in com¬ 
ing years. The Japanese share in the 
Boeing partnerships jumped from 15% of 
the 767 to 25% of the 7J7, reflecting both 
Boeing’s increased need for outside capi¬ 
tal and its satisfaction with its Japanese 
partners in the 767 collaboration. That 
share is likely to increase further in fu¬ 
ture partnerships, perhaps to complete 
equality. And some Western observers 
have not entirely dismissed the possibility 
of continued growth resulting in a full- 
fledged Japanese commercial aircraft in¬ 
dustry. A little-noticed General Account¬ 
ing Office report of March 18,1982, U.S. 
Military Coproduction Programs Assist 
Japan in Developing Its Civil Aircraft 
Industry, stated the concern clearly: “In 
the post-World War II period, Japan’s air¬ 
craft industry grew and developed large¬ 
ly through U.S. military coproduction pro¬ 
grams. Much of the technology trans¬ 
ferred through these programs has 
commercial application. Now, building on 


the experience and technology gained 
through military coproduction programs, 
the Government of Japan is assisting in 
the development of the civil aircraft in¬ 
dustry, along with other high-technology 
export industries.” 

Industrial organization in Japan cer¬ 
tainly seems well structured for such 
technology transfer. The three major air¬ 
plane manufacturers involved in the 
Boeing deals, for example, produce both 
military and civilian products. In a Mitsu¬ 
bishi Heavy Industries (MHI) factory in 
Nagoya, F-15C and F-15D fighters, pro¬ 
duced under license from McDonnell 
Douglas as the F-15J and F-15DJ, are as¬ 
sembled in the same building as fuselage 
sections for the Boeing 767 airliner. Ka¬ 
wasaki Heavy Industries (KHI) and Fuji 
Heavy Industries have similar comple¬ 
mentary setups, as does Ishikawajima- 
Harima Heavy Industries, the leading 
Japanese engine maker. 

Japan has long insisted on a maximum 
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of independence in building its military 
aircraft. “We don’t want to be dependent 
on a foreign country for long-term main¬ 
tenance and technical support,” explains 
Seiji Ema, director of the aircraft division 
of the Japan Defense Agency (JDA) equip¬ 
ment bureau. Hence, Japan strives to de¬ 
sign and build what aircraft it can by it¬ 
self. Those it can’t it aims to manufacture 
under license—or, more accurately, “co¬ 
produce,” since some parts are still 
imported. 

r hat independence is costly. Li¬ 
censed manufacture is inherent¬ 
ly less efficient than outright 
purchase, since production runs 
are shorter and licensing fees must be 
paid. A single F-15J costs the JDA 
¥10 billion (about $40 million), according 
to Shiuichiro Komatsu, a retired air force 
major general and defense production 
consultant to Keidanren, the powerful 
economic advisory organization. Outright 


purchase from McDonnell Douglas, by 
contrast, would cost just above $25 mil¬ 
lion. Designing new military aircraft from 
scratch costs even more, because Japan’s 
constitution prohibits manufacturers 
from selling military goods abroad, thus 
making it harder for them to recoup their 
research and development costs. Never¬ 
theless, there are strong indications that 
the Defense Agency will soon choose do¬ 
mestic development of the FSX, the new 
supersonic support fighter that it re¬ 
quires, rather than purchase a foreign 
plane or even allow substantial foreign 
participation in developing or building a 
new plane. 

The goal of military independence is a 
strong argument for these extra costs, 
which can be justified even further if they 
improve the overall position of Japan’s 
aircraft industry. Undoubtedly the Minis¬ 
try of International Trade and Industry 
(MITI) exerts strong pressure on the Ja¬ 
pan Defense Agency. “While JDA ulti- 


Japan Aircraft Development’s Atsushi 
Kasai notes that Japan’s first attempt at 
building its own commercial aircraft 
taught planners that planes cannot be 
sold like cars, where a large domestic 
market assures a break-even point. 


mately decides whether to import or to li¬ 
cense-produce foreign military aircraft,” 
according to the General Accounting Of¬ 
fice report, “MITI’s guidance and recom¬ 
mendations influence such decisions.... 
MITI’s interest in developing and expand¬ 
ing the industry is well served by JDA 
programs.” 

The ministry has also taken a more ac¬ 
tive role in Japan’s aircraft industry. 
Since the 1950s it has provided direct help, 
by channeling government funds to com¬ 
mercial aircraft manufacturers for vari¬ 
ous projects. And although government 
and industry officials these days unani¬ 
mously preach the gospel of international 
collaboration in building airliners, the 
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original intention—embodied in several 
early projects—was for Japan to become 
an independent producer of commercial 
passenger planes. 

The first Japanese foray into the field, 
however, put at least a temporary halt to 
such plans. The YS-11, a twin-turboprop 
60-seat commuter plane, was a technical 
success but a commercial failure for 
which the government picked up the tab. 
Original design work began in 1958, and 
production started in 1965. The three ma¬ 
jor manufacturers shared the work, and 
joined with about 100 other companies to 
put up 45% of the ¥5.5 billion start-up 
costs ($15 million at that time). The gov¬ 
ernment paid the rest, and later supplied 
an additional ¥27.3 billion ($76 million) in 
direct subsidies, as well as guaranteeing 
loans from the Japan Development Bank 
and commercial banks. If the plane had 
made a profit, all the money would have 
been repaid; instead the government lost 
an estimated ¥30-60 billion ($83-167 mil¬ 
lion), according to Eiichi Hasegawa, depu¬ 
ty director of MITI’s aircraft and ordnance 
division. 

One serious problem with the YS-11, 
contends Masaya Fujisaki, general man¬ 
ager of MHI’s aircraft and equipment divi¬ 
sion, was a lack of sales experience. For 


pan, including those for military use, ac¬ 
cording to Kasai. 

y that time, work had started on a 
larger domestically developed air¬ 
liner, the YX. However, as the 
magnitude of the YS-ll’s commer¬ 
cial failure became clear, the project was 
reevaluated. Through another nonprofit 
group, the government looked into possi¬ 
ble joint projects with all the major com¬ 
petitors at the time: Airbus, Lockheed, 
McDonnell Douglas, and Boeing. It ruled 
out Airbus because of complications with 
European governmental involvement, 
and turned down Lockheed and McDon¬ 
nell Douglas because they were interest¬ 
ed only in collaborating on derivative ver¬ 
sions of existing planes. Boeing’s 
proposal was closest to what the Japanese 
had in mind—a completely new air¬ 
plane—and in 1978 the two parties en¬ 
tered a risk-sharing agreement for copro¬ 
duction of the 767, a wide-bodied 200- 
passenger twin-engine airliner that is still 
often called the YX in Japan. 

The Japanese produce body sections 
that represent 15% of the value of the 
767—in practical terms, most of the fuse¬ 
lage. Although the agreement was for co¬ 
production rather than codevelopment, 



Although government and aircraft-industry 
officials now preach the gospel of international 
collaboration, the original intention 
was for Japan to build its own airliners. 


example, production was geared more to 
keeping the factories busy than to meet¬ 
ing market requirements. At one point, 10 
planes per month were being built with¬ 
out any orders from buyers, according to 
Kenji Uchino, vice-president of Commer¬ 
cial Airplane Co., one of several govern¬ 
ment organizations set up to coordinate 
Japanese work on specific cooperative 
projects with overseas companies. 

But the major problem, says Atsushi 
Kasai, senior managing director of Japan 
Aircraft Development Corp., which is 
handling the 7J7 project, was the size of 
the domestic market. “In automobiles and 
electronics, we break even in Japan, and 
then we can export,” he says. “For [small 
turboprop] airplanes, the Japanese mar¬ 
ket was so small that we had to sell [the 
YS-11] overseas before the break-even 
point.” He adds that overseas prices were 
“too low”—approximately half of their 
production cost—because of competition 
from the Dutch Fokker F27, a 40-passen¬ 
ger plane. Given the mounting losses, pro¬ 
duction was stopped in 1974 at just over 
180. “Less than half” had been sold in Ja- 


Mitsubishi, Kawasaki, and Fuji dis¬ 
patched more than 130 employees to Seat¬ 
tle during the plane’s development. Of the 
50 Kawasaki people, 30 were engineers 
who were to help design the body sections 
so that they could be easily produced in 
Japan. In addition, says Toshio Hiraki, 
general manager of KHI’s aircraft engi¬ 
neering division, “they were under MITI’s 
orders to learn all they could about the 
technology.” 

What benefit did the partnership bring 
Boeing? Willard Hughes, head of 
Boeing’s Tokyo office, contends that, de¬ 
spite their initial concerns, without the 
partnership the Japanese would have col¬ 
laborated with Airbus or McDonnell 
Douglas, and would thus have ended up in 
competition with Boeing. The partnership 
also provided Boeing with access to the 
world’s second-largest market for jet 
transports (as opposed to small turbo¬ 
props). Early in 1986, for example, All 
Nippon Airways—which the Japan Eco¬ 
nomic Journal says was under indirect 
pressure from the government (via the 
aircraft manufacturers) to buy from 


Boeing—ordered twenty-five 767-300s, 
worth more than $2 billion, instead of the 
Airbus 320s that it seemed to prefer. 

Although airlines’ orders for the 767 did 
not pour in as fast as expected, the project 
has worked out far better financially for 
the Japanese than did the YS-11. The gov¬ 
ernment has already received about 40% 
of its ¥15 billion ($60 million) share of the 
production costs, according to Hasegawa, 
and expects to get back the full amount. 

In the early ’80s, with a seemingly suc¬ 
cessful collaboration on the 767 under 
their belts, the Japanese were in a stron¬ 
ger bargaining position for their next 
project. According to the Society of Japa¬ 
nese Aerospace Companies, their partici¬ 
pation was actively solicited by McDon¬ 
nell Douglas and Fokker for their MDF- 
100 project, by Airbus for the A-320, and 
by Boeing, which needed a partner to 
share the ever-increasing cost of develop¬ 
ing new planes. The Japanese companies 
eventually reached an agreement with 
Boeing that included full participation not 
only in production but also in develop¬ 
ment, sales, and service. They would put 
up 25% of the money and manufacture 
25% of the 7J7. A “memorandum of under¬ 
standing” signed March 6, 1986, formal¬ 
ized the arrangement. 

r he government also changed its 
funding method, in response to 
estimates that the cost of devel¬ 
oping the 7J7 could soar as high 
as $2-4 billion. Since July 1, development 
funds have come from Japan Develop¬ 
ment Bank loans rather than direct gov¬ 
ernment subsidies. To smooth the transi¬ 
tion, however, the government is paying 
the loan interest, subject to the same pro¬ 
visions as earlier subsidies—it must be re¬ 
paid from revenues as they are generat¬ 
ed. But the loans must be repaid no 
matter what the project’s commercial 
fate. 

In an attempt to ease foreign fears that 
Japan is targeting commercial aircraft, 
MITI has made one more significant fund¬ 
ing change. Last May 22, it created the 
nonprofit International Aircraft Develop¬ 
ment Fund to disburse future govern¬ 
ment funds for aircraft development. 
Money from the fund can be used only for 
international collaboration; purely domes¬ 
tic projects are excluded. Provisions are 
also being formulated to include participa¬ 
tion by foreign companies, although 
American observers do not expect over¬ 
seas partners to have much voice in dis¬ 
bursement decisions. 

It’s too early to tell whether this new 
funding route will stem foreign suspi¬ 
cions, which have generally comprised a 
two-part scenario: the Japanese will ab¬ 
sorb Boeing’s advanced technology, and 
then they will use it to build their own 
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Japan lacks experience in systems 
integration, argues Mitsubishi’s 
Masaya Fujisaki. 



competitive airliners. The first part will 
undoubtedly happen—Boeing has decid¬ 
ed to give the Japanese full access to the 
new plane’s state-of-the-art technology. 
But the second point remains uncertain. 
Japanese officials list several reasons 
why they will not try to build their own 
airliners. Significantly, however, their ar¬ 
guments concentrate on a perceived in¬ 
ability, rather than a lack of desire. 

“We Japanese don’t have much experi¬ 
ence in large systems integration,” says 
Mitsubishi’s Fujisaki in a typical re¬ 
sponse, even though his company and 
similar Japanese firms have built some of 
the largest crude-oil supertankers in the 
world, as well as oil rigs, refineries, and 
other plants. MITI’s Hasegawa asserts 
that the three aircraft firms combined do 
not have the financial means to take on 
such a major project. In reality, however, 
they are large and prosperous when all 
their activities are taken into account. Mit¬ 
subishi Heavy Industries reported 1985 
sales of $13.8 billion, for example, and Ka¬ 
wasaki Heavy Industries $2.8 billion. 
Boeing’s figure for '85 was $13.9 billion. 
As world shipbuilding demand fades, the 
heavy-industry companies will need to di¬ 
versify to maintain revenues and find new 
work for their employees. 

A more convincing Japanese claim 

/I is that they lack expertise in sell- 
/-1 ing large products such as airlin- 
JL A ers. They clearly have a lot to 
learn, and Boeing is the obvious tutor. 
“We know they want that from us,” says 
Hughes. Will they get it? “Yes,” he re¬ 
plies. “They are full partners.” 

But can they take sufficient advantage 
of that partnership to create their own 
commercial aircraft industry? And do 
they want to? At least one straw in the 
wind suggests that they are seriously con¬ 
sidering the possibility. 

Last August 15—a symbolic date be¬ 
cause it was the anniversary of the end of 
World War II—the Aviation and Elec¬ 
tronics Technology Council of Japan’s Sci¬ 
ence and Technology Agency (STA) rec¬ 
ommended that Japan develop a fuel- 
efficient subsonic 100- to 200-passenger 
jet. This craft would be 50% more fuel-ef¬ 
ficient than the Boeing 767. STA has no¬ 
where near the clout of MITI; its main role 
is to promote specific technologies by un¬ 
dertaking test projects and making the re¬ 
sults available to industry. But the agen¬ 
cy has collaborated with MITI, most 


if Boeing doesn't work with Japan, 
claims Willard Hughes, its competitors 
will—to Boeing’s disadvantage. 
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Japan’s effort to build its own aircraft lost millions of dollars, says Commercial Air¬ 
plane's Kenji Uchino, because it aimed more to keep factories busy than to meet 
market requirements. By contrast, the 767 project (top), which benefits from 
Boeing’s marketing savvy, is paying off despite slower-than-expected orders. 


recently to develop the Asuka quiet short 
takeoff and landing plane (HIGH TECH¬ 
NOLOGY, April 1986, p. 68). Thus, some 
U.S. aerospace executives in Tokyo sus¬ 
pect that the proposal may be a trial bal¬ 
loon. If the political climate is favorable, 
STA can quietly carry out the preliminary 
research until MITI feels confident 
enough to step in and make the plane an 
officially announced goal. But if the pro¬ 
posal runs into heavy foreign opposition, 
the ministry can claim innocence of any 
connection with the idea. 
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On the other hand, industry analysts 
can find plenty of reasons, in history and 
economics, for the Japanese not to go it 
alone. “The Japanese are not anxious to 
repeat the kind of experience they had 
with the YS-11,” says Christopher Dem- 
isch, an aerospace analyst at First Boston 
(New York). “And they want to avoid the 
headache of the pure export market that 
they have to enter alone.” The cyclical na¬ 
ture of the aerospace industry will also 
play a role in Japanese thinking. “They 
are nervous about its effect on employ¬ 


ment,” says a former official at the U.S. 
embassy in Tokyo. “They wouldn’t want 
the unemployment that happened in Seat¬ 
tle to happen to Nagoya.” Then there’s 
the huge investment in sales networks 
and worldwide maintenance facilities that 
an independent aircraft industry would 
demand. That couldn’t happen, says an 
aerospace analyst from Nomura (Tokyo), 
“until well into the 21st century.” Overall, 
says Demisch, “I’d be very surprised if 
the Japanese go for an all-Japanese 
solution.” 

r hen how will the Japanese apply 
their growing financial and tech¬ 
nical muscle in the commercial 
aircraft business? Most likely 
through fresh international partnerships, 
which have the dual advantages of 
spreading out financial risk and increas¬ 
ing opportunities for domestic sales. In 
addition to the 7J7, the Japanese are al¬ 
ready participating in an international 
consortium to develop aero engines. The 
next step, according to Demisch, will 
probably be a near-term partnership 
agreement on a successor to the 747. 
Looking farther ahead, Mitsubishi, en¬ 
couraged by MITI, is carrying out prelimi¬ 
nary work on space plane technology, in 
anticipation of joining the U.S. project to 
develop a craft capable of both reaching 
orbit and transporting passengers any¬ 
where in the world within two hours 
(HIGH TECHNOLOGY, July 1986, p. 46). 

The Japanese will undoubtedly use 
their experiences in the 767 and 7J7 col¬ 
laborations as leverage for stronger part¬ 
nership roles in negotiations with Boeing 
and other Western companies. “They like 
the security of working with established 
firms,” says the former official in the To¬ 
kyo embassy. “But I think they’ll try to 
internationalize as a full, not a junior, 
partner.” MITI’s Hasegawa concurs. “We 
hope the Japanese manufacturers will 
eventually be the equal partner of 
Boeing,” he declares. 

Thus, the U.S. aviation industry could 
still find itself competing with the Japa¬ 
nese—but for production share, rather 
than market share, of the same aircraft. 
In any case the victims will not be Boeing 
and other aircraft manufacturers but 
their subcontractors. “The people who 
have to worry are the suppliers to 
Boeing,” says the former U.S. embassy 
official, “because Boeing is finding the 
quality of Japanese suppliers good. The 
question is: What percentage of Boeing 
planes’ production will go abroad?” □ 

Robert Poe, who lives in Tokyo, reports 
regularly on Japanese technology. 


For further information see 
RESOURCES, p. 61 
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MOLECULAR BIOLOGY—A 
Comprehensive Introduction to 
Prokaryotes and Eukaryotes, 

Second Edition By David Freitekler 

“Remaricably successful.. .the coming 
years will see a long line of new editions.”— 
Nature 

This volume has undergone a complete 
revision. It’s larger, more comprehensive 
and up-to-the-minute. The text, diagrams, 
charts and photographs have been care¬ 
fully selected and prepared to give the best 
possible background in molecular biology. 
Rigorous, yet accessible, it covers basic 
molecular processes; the synthesis of 
DNA, RNA, and protein; and genetic phe¬ 
nomena in prokaryotic and eukaryotic 
cells, plusbiotechnical techniques. 
Publisher's Price: $3950 
BIOTECHNOLOGY: THE 
UNIVERSITY-INDUSTRIAL 
COMPLEX By Martin Kenney 

“Penetrating... an important contribu¬ 
tion to the study of social and economic 
institutions.”— Sheldon Krimsky Tufts Uni¬ 
versity 

Who should control the new technolo¬ 
gy? Should safeguards and ethical stan¬ 
dards be imposed? What does this 
industry’s awesome potential pose for the 
future? 

To answer these increasingly critical 
questions, Martin Kenney provides a time¬ 
ly, provocative overview of the entire bio¬ 
technology industry: its origin, growth and 
potential use and misuse. 

Publisher’s Price: $23.95 
A CONSPIRACY OF CELLS—One 
Woman’s Immortal Legacy and the 
Medical Scandal It Caused By Michael 
Gold 

“A dazzling, readable and chilling 
thriller.. .the horror story of how one dead 
woman’s terribly virulent cancer cells have 
adversely affected the ‘war on cancer.’”— 
Science Books and Films 

On October 4,1951 Henrietta Lacks died 
of cancer. That is, most of Henrietta died. 
In a laboratory dish, a few cells taken from 
her cervical tumor continued to live— 
thrive, in fact. 

Now, A Conspiracy of Cells presents the 
first full account of how her cells spread, 
until they infiltrated and destroyed a sensi¬ 
tive East-West scientific effort. 

Publisher’s Price: $29.95 

The Library of Science is the nation’s oldest, 
most respected science book club. 

Dedicated to serving both professionals and seri¬ 
ous amateurs, it surveys the entire field of published 
sources on scientific subjects to make the very fin¬ 
est woiks available to club members at substantial 
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our Bonus Book Plan, with savings of 
up to 65% off the publishers’ prices. • At 
3-4 week intervals (16 times per year), 
you will receive the Library of Science 
News, describing the coming Main 
Selection and Alternate Selections, 
together with a dated reply card. • If 
you want the Main Selection, do noth¬ 
ing, and it will be sent to you automati¬ 
cally. • If you prefer another selection, 
or no book at all, simply indicate your 
choice on the card and return it by the 
date specified. • You will have at least 
10 days to decide. If, because of late 
mail delivery of the News, you should 
receive a book you do not want, we 
guarantee return postage. 
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Alexandria, Virginia 

Historic Seaport City Emerges as Prime 
Address for High Technology Industry. 

by Richard M. Flaherty 


H igh technology has had a 
phenomenal impact on the 
growth of the greater Wash¬ 
ington, D.C., marketplace in 
the 1980’s and will continue to spur ex¬ 
pansion into the 1990’s and beyond. 

The rising prominence of this region as 
a center for high technology can be 
seen most dramatically in Alexandria, 
Virginia. In 1985, almost two million 
square feet of office space were leased 
or purchased in Alexandria by new or 
expanding businesses. Historically a 
center of commerce and shipping for 
the mid-Atlantic region, Alexandria to¬ 


day has become a choice address for na¬ 
tional and international high technology 
corporations. 

A cross section of companies with- 
headquarters or major divisions in Alex¬ 
andria include AT&T Communications, 
Inc.; Essex Corporation; Computer Cor¬ 
poration of America; TRW; Control Data 
Corporation; Fokker Aircraft, U.S.A., Inc.; 
Softech, Inc.; Abex Defense Systems; 
Technology Applications, Inc.; Allen 
Corporation of America; and the Center 
for Naval Analyses, a subsidiary of the 
Hudson Institute, also headquartered in 
the city. 


Electronic Business magazine’s an¬ 
nual listing by sales of the top one hun¬ 
dred electronics firms nationwide 
confirms the region’s popularity as a 
center for high-technology. Eighty-five 
of the top one hundred companies pres¬ 
ently maintain offices in the area. 

The region’s market for computer 
technology is equally as strong. Overall 
it is the fourth largest computer installa¬ 
tion center in the nation. In 1982 alone 
the value of computer systems, almost 
S3 billion, ranked the region among the 
top four locations in the nation, along 
with New York, Chicago and Los Ange¬ 
les. In addition, statistics also reveal that 
the metropolitan Washington market¬ 
place is swiftly becoming the “informa¬ 
tion capital of the world” with more 
than two hundred telecommunications- 
information companies as well as many 
law, management and consulting firms 


TransPotomac Canal Center, a half-million 
square-foot commercial development on 
the Potomac River waterfront in Alexan¬ 
dria, Va., is an example of the new large- 
user developments attracting high tech 
companies to Alexandria. 














jf^ing Street Station 
reflects The Oliver 
Carr Company’s 
commitment to Old 
Town Alexandria in 
creating special 
places in which to 
work, shop, live and 
play. The distinctive 
architectural design 
provides both func¬ 
tional and flexible 
office space to ac¬ 
commodate the 
needs of innovative 
and rapidly expand¬ 
ing companies. 


Old Town Alexandria, with its rich history, provides an 
ideal setting for King Street Station’s office, retail and 
hotel master plan. 


JRjng Street Sta¬ 
tion, Phase II, avail¬ 
able in the Fall of 
1987, offers a seven- 
story, 110,000 
square foot office 
space complemented 
by 10,000 square 
feet of retail space. 
Typical floors are ap¬ 
proximately 19,000 
square feet. Upon 
completion, The Oli¬ 
ver Carr Company’s 
King Street Station 
will be comprised of 
a six-phase multi-use 
project encom¬ 
passing more than 
825,000 square feet 
of office, retail and 
hotel components. 


For leasing information 
contact: 


George Parr 
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Strict attention to 
detail and prompt 
response to tenant 
requests are the 
foundation of The 
Oliver Carr Com¬ 
pany’s management 


The unique environment and strong 
visibility of King Street Station’s Phase I 
provides a notable business address for 
clients such as Management Science 
America, Bendix, Codex and Computer 
Corporation of America. 


jf^ing Street Station is conveniently adjacent to the King 
Street Metro Station which offers swiff and direct access 
to the Pentagon, National Airport, Crystal City, Rosslyn 
and downtown 
Washington, D.C. 
This central location 
provides immediate 
access to a wide vari¬ 
ety of service centers 
and diverse labor 
markets via the Cap¬ 
ital Beltway (1-495). 


King Street Station is a joint venture of The Oliver Carr Company and The Equitable Life Assurance Society of the United States. 
Circle No. 18 on Reader Service Card. 
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■ AMERICAN DIABETES 
ASSOCIATION “We began the 
search over two years ago and 
selected Alexandria after a study 
of the major metropolitan cen¬ 
ters in the country. We got a 
good, long term economic deal 
here, thanks to the City’s active 
business climate.” 

Robert Bolan, Executive Vice President 


WHtll 

VIRGINIA 


■ PUBLIC BROADCASTING 
SERVICE “We were fortunate to 
get the IRB, the special zoning for 
our satellite equipment and an 
affordable long term lease. Major 
considerations were accessibility to 
Metrorail and commuter thorough¬ 
fares such as 1-395, the Beltway and 
George Washington Parkway!’ 

Neil Mahrer, CEO and General Manager, 
PBS Enterprises 


■ SOFTECH “The conve¬ 
nience of Alexandria is just out¬ 
standing. Since we primarily do 
work with the Department of 
Defense, we needed a location 
close to Washington, the Penta¬ 
gon and the airport. In Alexan¬ 
dria, we got the convenience we 
need in a beautiful setting!’ 

Phillip Baker, Vice President 


THE PROSPECTS ARE SPECTACULAR 


Contact: Richard M. Flaherty, Director 

Alexandria Economic Development Program • 801N. Fairfax Street, Suite 402 • Alexandria, Virginia 22314 • (703) 549-1000 

ALEXANDRIA VIRGINIA 
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specializing in communications. 

An examination of the factors in¬ 
volved in the high tech industry’s deci¬ 
sion to locate to Alexandria reveals a 
sophisticated set of criteria at work in 
the site-selection process. Geographic 
location, transportation facilities, a low¬ 
er cost of doing business, a skilled labor 
force, exceptional educational/research 
and development resources and the 
quality of life all contribute to the 
choice of this region over more re¬ 
nowned high tech meccas. 


Location is a Key Factor 


The Mark Center provides a campus-like setting for high technology firms desiring close 
proximity to the Nation’s Capital. 


’ Alexandria is located in the center of 

the Baltimore-Washington Common 
Market (BWCM), the fourth largest 
metropolitan area in the nation with 
more than two million households. The 
city is served by three major airports, 
thirty-seven general aviation airports, 
the nation’s third largest port, five major 
and three shortline railroads and nine 
interstate highways. 

Often compared to California’s Silicon 
Valley, North Carolina’s Research Trian¬ 
gle and Massachusetts’ Route 128 belt, 
Alexandria has the unique advantage of 
being the major high tech center in 
closest proximity to the top-ranked pur¬ 
chaser for all high tech products—the 
federal government. Being located virtu¬ 
ally in sight of the U. S. Capitol gives the 
region’s high tech firms easy access to 
such principal clients as the Department 
of Defense, the Department of Energy, 
the National Aeronautics and Space Ad¬ 
ministration, the National Institutes of 
* Health, the Federal Aviation Administra¬ 

tion, and the Coast Guard of the Depart¬ 
ment of Transportation. Federal 
expenditures in the metropolitan Wash¬ 
ington area alone in fiscal year 1985 to¬ 
talled approximately $38.6 billion. 

“The convenience of Alexandria is 
just outstanding,” says Phillip Baker, vice 
president of Softech, Inc., a software ser¬ 
vice company which recently leased 
95,000 square feet of space in the city. 
“Since we primarily do work with the 
Department of Defense, we needed a lo¬ 
cation that was close to Washington, the 
Pentagon and the airport. In Alexandria, 
we get the convenience we need in a 
beautiful setting.” 

Many of Alexandria’s new develop¬ 
ments are located within walking dis¬ 
tance of the city’s three Metro stations. 
Additional choice physical settings can 
be found in the city’s Old Town court¬ 


yard office projects, in larger office com¬ 
plexes located right on the Potomac 
River waterfront, in campus or park set¬ 
tings in the city’s west end, and in high 
technology centers like the Alexandria 
Tech Center completed in 1986. 

Lower Cost of Doing Business 

Another key criterion cited in the se¬ 
lection of Alexandria is the financial 
consideration. Numerous equity and 
purchase opportunities exist in Alexan¬ 
dria, and with space currently leasing at 
$12 to $25 per square-foot, compared to 
$18 to $44 in downtown Washington, 
Alexandria has become a particularly 
strong leasing market as well. “While 
our space available for purchase contin¬ 
ues to grow, we are also developing 
nearly one million square feet of leasa¬ 
ble space annually,” says G. Barton Mid¬ 
dleton, trustee of Alexandria’s 
Economic Development Program. 

Other financial incentives for relocat¬ 
ing to Alexandria come from the city’s 
pro-business government. Thomas E. 
Anger, Director of Finance and Adminis¬ 
tration for the Center for Naval Analyses, 
explains, “The Center chose to move to 
Alexandria because the city doesn’t im¬ 
pose gross receipts tax on operations 


like ours.” This factor has assisted in at¬ 
tracting more than one hundred tech¬ 
nology firms to Alexandria. 

Many businesses have also been 
helped by special financial programs 
that are available through the city’s 
Mount Vernon Avenue Revitalization 
Fund, the Northern Virginia Local Devel¬ 
opment Company, local venture capital 
firms, the Commonwealth of Virginia 
and various federal agencies. In addition, 
new programs have been developed to 
supplement federal and state loan pro¬ 
grams to provide venture capital and fi¬ 
nancial assistance to businesses. 

The city’s business environment also 
benefits from its location in the north¬ 
ernmost right-to-work state which guar¬ 
antees reasonable wages, more cost 
effective support services, and savings in 
unemployment and worker’s compensa¬ 
tion insurance expenses. Virginia also 
offers a tax rate that a report by the Fed¬ 
eral Advisory Commission on Intergov¬ 
ernmental Relations ranked seventh in 
the nation in fostering a pro-business 
tax climate and first in its fairness in 
property-tax structure. 

Skilled Labor Force 

The rapid growth of the high technol- 
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ogy industry has also created an urgent 
demand for highly skilled labor. The 
Washington area has a labor supply that 
satisfies the needs of all high technology 
fields. The region has a total labor force 
of approximately 2.9 million people, 
two-thirds of whom are employed by 
the private sector. Over 107,300 of the 
scientist-engineer work force segment 
reside within the region and an addi¬ 
tional 103,000 scientists live in outlying 
areas, but within easy reach of the cen¬ 
tral business districts. 

As part of the Washington metropoli¬ 
tan area, Alexandria is located in the 
center of the best-educated work force 
in the country. Almost 33 percent of its 
population have earned college degrees, 
compared with 18.8 percent in other 
top metropolitan areas. The region also 
contains the greatest number of profes¬ 
sional and technical workers, managers 
and administrators of arty of the top ten 
metropolitan areas in the nation. 
Education/Development 
and Research Resources 

Alexandria draws its labor force from 
more than sixty institutions of higher 
learning, college extension programs 


and a widespread community college 
network throughout the District of Co¬ 
lumbia, Maryland and Virginia. Twenty- 
eight of these schools offer degree 
programs in high technology and four¬ 
teen of the schools offer advanced de¬ 
grees. The supply of business school 
graduates, equally as important to high 
technology as research and develop¬ 
ment, is provided by ten of the region’s 
schools with MBA programs. 

Federal funding of scientific research 
by area public and private educational 
establishments is greater than similar 
federal expenditures in other locations 
with the exception of California. The ar¬ 
ea’s five universities which sponsor con¬ 
centrated research programs accounted 
for an estimated $10.9 million in federal 
research grants for over four hundred 
and forty engineering research projects 
in fiscal year 1982. Total funding of 
these projects amounted to $14.2 mil¬ 
lion. Independent laboratories and joint 
programs received an additional $196.8 
million in federal and other funding. 

A comprehensive listing of education¬ 
al programs tailored to the needs of the 
high technology industry is available in 
the region. These offerings are comple¬ 


mented by the Commonwealth of Vir¬ 
ginia’s Research and Educational 
Services. In addition, the state provides 
educational assistance programs and 
pre-employment or on-the-job training 
to meet a company’s requirements. 

Quality of Life 

Finally, in Alexandria the diversity of a 
major metropolitan area is coupled with 
the excitement of an historic port to of¬ 
fer an outstanding quality of life. The va¬ 
riety of excellent restaurants, shopping 
areas, marinas and cultural attractions is 
unequaled. Housing options cater to a 
wide range of tastes from intown es¬ 
tates, to historic townhouses, to the Co¬ 
lonial homes of the west end, to upscale 
high-rises. So while cranes and con¬ 
struction sites are becoming as familiar 
to Alexandria residents as historic build¬ 
ings and cobblestone streets, developers 
and the Alexandria government are 
careful to assure that the new construc¬ 
tion and the area’s historic character 
will continue to coexist harmoniously. 


Richard M. Flaherty is director of Alexan¬ 
dria’s Economic Development Program. 


IN SEARCH OF TECHNOLOGY 


FFV is a Swedish industrial group with subsidiaries 
in the United States and many other countries 
around the world. Our annual turnover exceeds 
$600 million and we have some 9,000 employees. 
Our major business areas include: 

• weapons for anti-tank and underwater warfare 

• aviation overhaul and maintenance 

• integration and servicing of electronic systems 



Staff of FFV Development Inc., Alexandria, Va. 

From left: Lars Bjerde, Marta Hallare, Bengt Hallare. 


FFV Development Inc. is a subsidiary of the FFV 
Group based in the United States. Our main 
objective is to identify and acquire applicable tech¬ 
nologies and businesses of interest to the FFV 
Group. We are particularly interested in establish¬ 
ing contacts with companies in the following areas: 

• electro-optic systems 

• composite materials 

• P/M technologies 

• AI technologies for aviation maintenance 

• logistics 

• computer testing and servicing 

Ti 

Development Inc. 

1800 Diagonal Road, Suite 280 
Alexandria, Va. 22314, 

Phone:(703) 683-0007 
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Break¬ 

through 

When I put on the pair of 
glasses what I saw I could 
not believe. Nor will you. 



They look like sunglasses. 


By Joseph Sugarman 

I am about to tell you a true story. If 
you believe me, you will be well reward¬ 
ed. If you don’t believe me, I will make 
it worth your while to change your mind. 
Let me explain. 

Len is a friend of mine who has an eye 
for good products. One day he called ex¬ 
cited about a pair of sunglasses he own¬ 
ed. “It’s so incredible,” he said, “when 
you first look through a pair, you won’t 
believe it.” 

“What will I see?” I asked. “What 
could be so incredible?” 

Len continued, “When you put on 
these glasses, your vision improves. Ob¬ 
jects appear sharper, more defined. 
Everything takes on an enhanced 3-D ef¬ 
fect. And it’s not my imagination. I just 
want you to see for yourself.” 

When I received the sunglasses and 
put them on I couldn’t believe my eyes. 
I kept taking them off and putting them 
j on to see if indeed what I was seeing 
through the glasses was indeed actual- 
■ ly sharper or if my imagination was play¬ 
ing tricks on me. But my vision improv¬ 
ed. It was obvious. I kept putting on my 
! cherished $100 pair of high-tech 
! sunglasses and comparing them. They 
didn’t compare. I was very impressed. 
Everything appeared sharper, more 
j defined and indeed had a greater three 
j dimensional look to it. But what did this 
product do that made my vision so much 
better? I found out. 

DEPRESSING COLOR 

The Perception sunglasses (called 
BluBlockers) filter out the ultraviolet 
and blue spectrum light waves from the 
sun. You’ve often heard the color blue 
used for expressions of bad moods such 
| as ‘ ‘blue Monday’ ’ or “I have the blues. ’ ’ 
Apparently, the color blue, for centuries, 

! has been considered a rather depressing 
I color. 

For eyesight, blue is not a good color 
too. There are several reasons. First, the 
blue rays have one of the shortest 
wavelength in the visible spectrum (red 


is the longest). As a result, the color blue 
will focus slightly in front of the retina 
which is the “focussing screen” onto 
which light waves fall in your eye. By 
eliminating the blue from the sunglasses 
through a special filtration process, and 
only letting those rays through that in¬ 
deed focus clearly on the retina, objects 
appear to be sharper and clearer. 

The second reason is even more im¬ 
pressive. It is not good to have ultra¬ 
violet rays fall on our eyes. Recognized 
as bad for skin, uv light is worse for eyes 
and is believed to play a role in many of 
today’s eye diseases. In addition, people 
with contact lenses are at greater risk 
because contacts tend to magnify the 
light at their edges thus increasing the 
sun’s harmful effects. 

Finally, by eliminating the blue and 
uv light during the day, your night vision 
improves. The purple pigment in your 
eye called Rhodopsin is affected by blue 
light and the eyes take hours to recover 
from the effects. 

SUNGLASS DANGER 

But what really surprised me was the 
danger in conventional sunglasses. Our 
pupils close in bright light to limit the 
light entering the eye and open wider at 
night—just like the aperture in an 
automatic camera. So when we put on 
sunglasses, although we reduce the 
amount of light that enters our eyes, our 
pupils open wider and we are actually 
allowing more of the blue and ultraviolet 
portions of the light spectrum into our 
eyes. 

BluBlockers sunglasses are darker at 
the top to shield out overhead light. The 
lens used is the CR-39 which most eye 
doctors will tell you is one of the finest 
materials you can use for glasses and is 
manufactured under license. 

The frames are some of the most com¬ 
fortable I have ever worn. The moulded 
nose rest will fit any nose. The hinge 
causes the frames to rest comfortably on 
your face and can be adjusted for almost 


any size face. 

We also have a clip-on pair that 
weighs less than one ounce. Both come 
with a padded carrying case and an anti¬ 
scratch coating. 

I urge you to order a pair and ex¬ 
perience the improved vision. Then take 
your old sunglasses and compare them 
to the BluBlockers. See how much 
clearer and sharper objects appear with 
BluBlockers. And see if your night vision 
doesn’t improve as a direct result. If you 
don’t see a dramatic difference in your 
vision—one so noticeable that you can 
tell immediately, then send them back 
anytime within 30 days and I will send 
you a prompt and courteous refund. 

DRAMATIC DIFFERENCE 

But from what I’ve personally 
witnessed, once you use a pair, there will 
be no way you’ll want to return it. 

Astronomers from many famous 
universities wear BluBlockers to im¬ 
prove their night vision. Pilots, golfers, 
skiers, athletes—anyone who spends a 
great deal of time in the sun have found 
the BluBlockers indispensable. 

Our eyes are very important to us. 
Protect them and at the same time im¬ 
prove your vision with the most incredi¬ 
ble breakthrough in sun glasses since 
they were first introduced. Order a pair 
or two at no obligation, today. 

To order, credit card holders call toll 
free and ask for product by number 
shown below or send a check plus $4 for 
delivery. 

BluBlockers (00200PP).$59.95 

Clip-On Model (00220PP).39.95 

BluBlockers is a trademark of JS&A Group, Inc. 



One JS&A Plaza, Northbrook, IL 60062 

CALL TOLL FREE 800 228-5000 

IL residents add 7% sales tax. ©JS&A Group, Inc., 1986 
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business Technology 


VIDEOTEX IINDS A HOME 
IN TOE OFFICE 


T” Tideotex—computer-based textual 

I / and graphic information format- 

1 / ted on discrete pages for elec- 

V tronic distribution and display— 
has not caught on in the American home, 
its initial target. However, the technology 
is becoming a popular business tool, with 
companies turning to videotex to present 
information to employees, to communi¬ 
cate between the home office and field 
personnel, and to provide a variety 
of business services. 

In some of these roles, videotex 
performs tasks normally handled 
by traditional database manage¬ 
ment systems, but the technology 
is not intended to replace them. 
Rather, information stored in ex¬ 
isting databases may be selective¬ 
ly excerpted for presentation on 
easy-to-access videotex pages. 
Videotex can also perform func¬ 
tions uncommon in traditional da¬ 
tabase management systems, such 
as providing maintenance person¬ 
nel with diagrams and instructions 
to assist them in repairing factory- 
floor machinery. And while data¬ 
base management systems usually 
require users to have some pro¬ 
gramming skills, videotex is ac¬ 
cessed with relative ease. 

In fact, most videotex systems 
sold to the corporate market today 
are designed so that office secre¬ 
taries can create and maintain da¬ 
tabases with little training or tech¬ 
nical support. For example, the 
systems automatically format in¬ 
formation from word processors 
into videotex pages. Producing 
pages that combine text and 
graphics is more complicated, but 
is still simple enough that it can be 
done by graphic artists rather than 
programmers. Most of the me¬ 
chanics of maintaining a database, 
such as tracking usage and renum¬ 
bering pages, are fully automated. 

In use, the numbered and indexed 
pages serve as a sort of electronic maga¬ 
zine. To find the corporate helicopter 
schedule, for example, users might start 
with “Corporate Services” on the master 
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menu. From this, they might successively 
select “Transportation” and from that the 
“Helicopter Schedule.” 

This process is easy for novices, but it 
can seem frustratingly slow for those 
more proficient with the system. There¬ 
fore, database designers usually attach 
mnemonic code words to pages. The heli¬ 
copter schedule page might be retrievable 
as “Chopper Schedule,” which could be 


typed in to call the appropriate page im¬ 
mediately to the screen. Some systems 
also allow users to search the entire data¬ 
base for specific information. This capa¬ 
bility is useful in finding data that might 
be stored on several pages at once. 

Four major U.S. vendors sell corporate 
videotex systems. Those from Digital 


Equipment (Merrimack, N.H.), Honey¬ 
well Information Systems (Schiller Park, 
Ill.), and Prime Computer (Natick, Mass.) 
are minicomputer-based; the fourth, from 
IBM (White Plains, N.Y.), runs on that 
company’s 370 mainframe computers. Of 
these vendors, only Digital Equipment 
developed its own system. Honeywell, 
Prime, and IBM license systems that were 
developed by other companies. 

So far, Digital’s VAX VTX sys¬ 
tem is the market leader, with 
more than 400 systems installed. 
Prime and Honeywell, meanwhile, 
have each sold about 50 of their 
systems. IBM declines to release 
sales figures for its Videotex/370 
system, licensed from Videodial 
(New York), but VideoPrint, an in¬ 
dustry newsletter published by In¬ 
ternational Resource Development 
(Norwalk, Conn.), reports that only 
about five systems have been sold. 

One reason for IBM’s relatively 
poor showing, suggests Paul F. 
Deninger, VP for marketing at 
Disc International (whose View- 
base system is being marketed in 
the U.S. by Prime), is that the 370 
mainframe environment requires 
the videotex database builders to 
have programming skills. The Vid¬ 
eotex/370 system is also more ex¬ 
pensive than that of the competi¬ 
tion, with each software license 
priced at $85,000. 

A license for the VAX VTX soft¬ 
ware, by comparison, costs be¬ 
tween $9000 and $75,000, depend¬ 
ing upon the type of VAX hardware 
the system uses. Prime sells the 
Viewbase software in two size con¬ 
figurations for $27,500 and 
$40,000. Honeywell’s French- 
developed Infonow package 
ranges from $120,000 to $350,000, 
but this price includes the host 
minicomputer, software, disk stor¬ 
age, and a high-speed printer. The compa¬ 
ny declines to break out the cost of the 
videotex software. 

Although corporate videotex systems 
have been around for several years, the 
market did not begin to heat up until 1986. 
The delay was caused mainly by the need 
to educate customers about the potential 
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of the technology—commonly perceived 
as a home-consumer service—in business 
applications. 

So far, Fortune 500 companies have 
been the biggest purchasers. General 
Foods (White Plains, N.Y.), for example, 
uses its Videodial system to provide the 
latest sales figures, by product line, to its 
top executives. Not all the corporate appli¬ 
cations are internal, however, or limited 
to large corporations. Videotex has also 
spawned various business-to-business 
services that provide current information 
directly to users’ terminals. Moody’s In¬ 
vestors Service (New York), for instance, 
uses a VAX VTX system to transmit the 
latest debt ratings on corporations elec¬ 
tronically to on-line customers. 

The range of potential applications for 
corporate videotex has prompted Vid- 
eoPrint to predict that more than 23,000 
systems will be sold by 1990, representing 
a total value of $1 billion in software 
alone. It also predicts that Digital will re¬ 
tain its leadership position, selling 8500 
VAX VTX systems by 1990. 

An important factor contributing to the 
increased interest in videotex is the sim¬ 
plification of the standards issue. Several 
videotex standards exist worldwide, in¬ 
cluding the British Prestel, the French 
Antiope, and the Japanese Captain. But 
the U.S. business videotex market is fo¬ 
cused on just two: ASCII—the text-only 
communications standard that is common 
to virtually all computers and terminals— 
and the North American Presentation 
Level Protocol (NAPLPS), which provides 
high-level graphics using graphic “primi¬ 
tives” such as tiny lines, angles, and 
curves. 

ASCII is attractive to text-only services 
because it is less expensive and can be re¬ 
ceived on virtually all existing computer 
terminals and PCs without special soft¬ 
ware. NAPLPS requires expensive termi¬ 
nals or terminal emulation software that 
runs on PCs, but it allows services to ren¬ 


der high-quality graphics. For instance, 
Clark Equipment (Buchanan, Mich.) has 
developed an electronic catalog with on¬ 
line ordering for its dealers nationwide. It 
uses NAPLPS graphics to provide pictures 
of parts, supplier logos, and other graphic 
information. 

“Initially, customers want to pick one 
standard—either ASCII or NAPLPS—but 
they want the flexibility to change,” says 
Disc International’s Deninger. “NAPLPS 
buyers who expect future expansion want 
the escape route of an easy switch to 
ASCII if the price of NAPLPS terminals 
never comes down. On the flip side, if they 
initially go for an ASCII system, they feel 
they might want to upgrade to NAPLPS.” 
Customers with international operations 
might also want access to some of the for¬ 
eign videotex standards. System provid¬ 
ers answer the need for system flexibility 
by making their software multistandard. 
DEC, which has taken the most rigorous 
approach to multiple standards, designed 
VAX VTX so that all the code specific to 
the videotex standard is isolated in a sin¬ 
gle, replaceable software module. 

Multiple standards also permit compa¬ 
nies to use several kinds of terminals with 
one videotex system. “Terminal popula¬ 
tions on most systems are mixed,” notes 
Deninger. “The ability to have PCs of any 
type—ASCII terminals, graphics termi¬ 
nals, graphics PCs, and special videotex 
terminals—all accessing the same data¬ 
base at the same time is critical to most 
users.” 

Still, the terminals must be compatible 
with the videotex standard of the page be¬ 
ing displayed. NAPLPS terminals can dis¬ 
play ASCII pages because ASCII is a sub¬ 
set of NAPLPS. The reverse, however, is 
not true. Nor, for example, can a French 
terminal designed for the Antiope stan¬ 
dard display ASCII, because Antiope calls 
for 40-column screens while ASCII uses 80 
columns. To obtain the most flexibility, 
videotex systems commonly turn to per¬ 


sonal computers, which are able to run 
software that lets them emulate the re¬ 
quired type of terminal. An additional 
benefit of using PCs as terminals is that 
companies can further exploit the ma¬ 
chines already on their employees’ desks. 

A drawback to the use of PCs, however, 
is that it is difficult to justify purchasing 
them for all employees; meanwhile, many 
lower-level employees who do not have 
their own PCs are exactly the ones who 
need the videotex information. Honeywell 
hopes to capitalize on this situation by 
selling low-cost, easy-to-use terminals de¬ 
signed specifically to work with its Info- 
now software. 

Infonow’s Minitel terminals—made by 
French communications giant Telic Alcal- 
tel—originally operated with only the 
French Antiope videotex standard, and 
early Infonow installations were also lim¬ 
ited to that standard. However, last year 
Telic announced dual-standard terminals 
that use plug-in boards to allow them to 
display pages in a standard besides An¬ 
tiope. Last fall Telic introduced an An¬ 
tiope/ ASCII version specifically for the 
U.S. market, and is rumored to have a 
NAPLPS version in the works. Honey¬ 
well’s Infonow software will also work 
with PCs and data terminals—provided 
the hardware can display the standard 
used in the particular videotex database 
being accessed. Unlike the other vendors’ 
videotex software, which can run as one 
of several packages executing on the 
same computer, Infonow must run as the 
only application on its host computer. 
Honeywell chose this dedicated approach 
so that it could ensure rapid system re¬ 
sponse times, says Raymond T. Oschger, 
program manager for videotex at the 
company. A system can become over¬ 
loaded if it must handle several applica¬ 
tions simultaneously, he notes. “But we 
think occasional computer users must re¬ 
ceive quick responses.” 

Prime and IBM, like Honeywell, market 


Corporate Videotex With Sunday tea 


Although European countries have had greater success than 
the U.S. in establishing videotex services for home consum¬ 
ers, they are not ignoring the business applications of the 
technology. In fact, Viewbase, a system from Disc Interna¬ 
tional (Stamford, Conn.), was initially created by the Deben- 
hams Group, a large retail chain in Great Britain, to provide 
its directors with the latest sales information. Every Friday 
the managers of each Debenhams department store trans¬ 
mitted detailed reports of the week’s sales to the company’s 
central data-processing facility, where they were combined 
into a unified report on Saturday. On Monday mornings the 
board of directors would meet to go over the figures and de¬ 
termine corporate response to changes in the marketplace. 
The problem was that the printed reports could not be dis¬ 


tributed to the directors before their meeting, so they were 
unable to review the figures. 

The Viewbase system permitted the design of prefor¬ 
matted pages with blanks for figures. Each page has two 
“sides”—a front for viewing by users and a back to hold 
commands that the system executes automatically each time 
the page is accessed. These commands can, for instance, tell 
Viewbase to access a particular sales figure in the database 
and copy it into a particular blank on the front side of the 
page. Debenhams used Viewbase to create an electronic 
weekly sales report that its directors could access every Sun¬ 
day afternoon from their homes using small videotex termi¬ 
nals. As a result, the directors can now go to board meetings 
knowing what has happened the preceding week. 
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BUSINESS TECHNOLOGY 


High tech was hatched in Florida. On January 31,1958, when a 
Jupiter rocket put Explorer I into orbit. 

Almost three decades later, we’re the leading high-tech state in the 
Southeast, in terms of employees and number of firms. 

Florida is a national leader in the manufacturing of personal com¬ 
puters, telecommunications equipment and medical instruments. 

Florida’s work force is reliable, loyal and well trained. 

Florida is committed to educational excellence. 

Florida is pro-business. Our state and local governments want and 
welcome new businesses. And our corporate taxes allow businesses to be 
competitive. There is no unitary tax. And no personal income tax. 

And the latest data says Florida is America’s foremost trend-setting 
state. When you look at Florida today, you’re seeing the state of the future. 

So, when you consider expansion, bring your high-tech facility home 
to Florida. To the birthplace of high tech. 

For more information, write to Florida Department of Commerce, 
501C Collins Building, Suite HT, Tallahassee, Florida 32301. 

Or, call (904) 488-5507. 

Circle No. 33 on Reader Service Card. 

FARIDA 


their systems primarily as stand-alone 
products. Digital, on the other hand, has 
integrated VAX VTX with much of its VAX 
software. One popular use of VAX VTX is 
with Digital’s All-in-1 office automation 
system, where videotex appears on the 
main function menu as an electronic ref¬ 
erence library, and can be accessed direct¬ 
ly from other All-In-1 functions. Users 
composing letters on All-In-l’s word pro¬ 
cessor, for instance, can jump directly to a 
page on the VAX VTX system and copy it 
into their documents. In another applica¬ 
tion, VAX VTX has become the center of a 
facilities management system that DEC 
sells to large manufacturers. This system 
allows users to draw a detailed map and 
diagram of their factory floor in NAPLPS 
graphics, showing the location of every 
machine, electric outlet, and other impor¬ 
tant feature on the floor plus conduits hid¬ 
den beneath its surface. 


Videotex systems 
are easy to build and can be 
accessed by novice users. 


In addition to leading the market with 
its videotex system sales, Digital is itself 
a major user of VAX VTX. The company 
has built the world’s largest private video¬ 
tex system—spanning five continents and 
encompassing more than 100 databases. 
It includes, for example, a set of services 
for its salespeople that extends into every 
DEC field sales office in North America. 
As a result, every Digital salesperson is 
intimately familiar with the system— 
which has undoubtedly helped the compa¬ 
ny attain its lead in the market. 

VAX VTX represents a major develop¬ 
mental effort on Digital’s part, but one 
that sales are justifying. “We thought 
from the beginning that the business mar¬ 
ket was where the action would be,” says 
William M. Carlisle, manager of videotex 
market development. “Now that’s prov¬ 
ing true.” □ 


G. Berton Latamore, based in Burlington , 
Vt, is editor o/VideoPrint, a newsletter on 
electronic publishing. 
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Consumer Technology 


HOME-HEATING ADVANCES 
SAVE ENERGY D0I1ARS 


ince the energy crunches of the 
’70s, manufacturers of residential 
heating systems have been pushing 
their products to higher and higher 
efficiencies: furnaces now on the market 
convert as much as 97% of their fuel ener¬ 
gy into useful heat. Moreover, home sys¬ 
tems are increasingly combining multiple 
energy functions—such as space heating, 
water heating, even electricity genera¬ 
tion—in a single piece of equipment. 

“Cogeneration” of heat and electricity 
is often associated with industrial-scale 
processing (HIGH TECHNOLOGY, Feb. 
1987, p. 57), but over the past decade 
scaled-down systems have appeared in 
small establishments such as restaurants 
and Laundromats. Now such equipment 
is being brought into the home. 

Home cogeneration systems consist of 
a small internal combustion engine—gen¬ 
erally fueled by natural gas or propane- 
connected to a 5-10-kilowatt generator. 
The systems convert about 25% of the fuel 
energy into electricity, an efficiency com¬ 
parable to that of any generator. But co¬ 
generators harness, rather than dump, 
some of the “wasted” heat energy: the 
water that cools the engine circulates into 
a storage tank, from which it can be piped 
through heat exchangers to warm the 
house, its potable water, even a swim¬ 
ming pool or hot tub. Typically, about 80% 
of the fuel energy is transformed into ei¬ 
ther electricity or useful heat. 

Two companies—Thermex (Anaheim, 
Cal.) and Van Weld (Albuquerque, 
N.M.)—offer cogeneration systems for 
the single-family residential market. Van 
Weld makes a generator that operates at 
a factory-set frequency and voltage. 
These “synchronous” machines need no 
input from the power grid and are thus 
well suited for remote locations where 
utility power is absent or unreliable. 
Thermex’s induction generator, on the 
other hand, must be plugged into the grid 
in order to work. Induction generators are 
somewhat less expensive than synchro¬ 
nous, though. Both types can feed excess 
electricity back into the grid using addi¬ 
tional interconnection equipment. The 
utility is required to buy back this power 
under the provisions of the Public Utilities 
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Regulatory Policy Act of 1978 (PURPA). 

Industrial cogeneration systems occu¬ 
py entire buildings and use engines large 
enough to power an aircraft. The residen¬ 
tial units, by contrast, are about the size 
of a small refrigerator; typically they are 
mounted on a concrete slab outside the 
house. Experience gained in making in¬ 
dustrial cogenerators has decreased engi¬ 
neering costs and helped make smaller 
systems commercially feasible, although 
a residential cogeneration system still 
costs about $10,000-$15,000 installed, con¬ 
siderably more than the most expensive 
gas furnaces. Engines are claimed to last 
20,000-30,000 hours, or more than 10 
years at a typical residential usage rate of 
5-7 hours a day. Maintenance require¬ 
ments resemble those of a car engine: 
changing the engine oil, spark plugs, and 
air and oil filters. 

Compact cogeneration 
units can supply a home's 
electricity as well as heat. 


Despite PURPA, some utilities are con¬ 
cerned about widespread use of cogenera¬ 
tion because it reduces electrical demand. 
In fact, power companies in some areas 
undermine the economics of cogeneration 
by charging high hookup fees. Cogenera¬ 
tion advocates argue that by reducing the 
need for centralized generating capaci¬ 
ty—that is, costly power plants—cogen¬ 
erators actually work in the utilities’ fa¬ 
vor. “In the long haul,” says Tony 
Williams, president of Micro Cogen Sys¬ 
tems (Irvine, Cal.), “the electric utilities 
will realize we’re not a threat.” Micro Co¬ 
gen now makes cogeneration systems 
producing 20 kilowatts or more of electric¬ 
ity and hopes to introduce a 5-kilowatt 
unit in a year or so. 

Not all multifunction heating systems 
produce electricity for general use. The 
triple-integrated appliance—developed by. 
Advanced Mechanical Technology Inc. 
(AMTI) in Newton, Mass., under sponsor¬ 
ship of the Gas Research Institute (GRI) in 
Chicago—combines gas-fired, warm-air 
heating and domestic water heating with 


electric air conditioning in a single pack¬ 
age. The heart of the unit is a furnace that 
forces hot flue gases to cool rapidly, con¬ 
dense into a liquid, and thus give up most 
of their heat before being exhausted to 
the outside. The condensing furnace’s rel¬ 
atively cool exhaust gas—110° F, versus 
350° from a conventional furnace—can be 
vented directly through an exterior wall 
rather than through a vertical chimney. 
In addition to lowering installation costs, 
through-the-wall venting makes it possi¬ 
ble to install these systems in each apart¬ 
ment of a multifamily building. 

Other features of the triple-integrated 
appliance also raise its efficiency. Com¬ 
bustion, for example, occurs within a 
sealed compartment submerged within 
the boiler, thereby minimizing heat loss. 
Hot water is circulated from the boiler to 
the hot-water storage tank and through a 
heat exchanger in an air-handling section. 
In winter, leftover heat from space heat¬ 
ing gets dumped into the hot-water tank; 
in summer, waste heat from the air condi¬ 
tioner is piped into the tank. This allows 
the system to achieve overall heating effi¬ 
ciency of 90%. AMTI, along with GRI, is 
testing the economics and efficiency of 
the system in 40 demonstration sites, and 
hopes to offer it commercially in 1988. 

Even without integration, a variety of 
techniques being employed in gas fur¬ 
naces will increase efficiency beyond the 
75-80% levels of conventional systems. 
Electronic ignition devices eliminate the 
need for a wasteful pilot flame. “Power 
burners” force additional air into the com¬ 
bustion chamber to make sure all the fuel 
bums. Heat exchangers installed in the 
flue capture heat that would otherwise es¬ 
cape. Several manufacturers—including 
Bryant, Carrier, and Coleman—now offer 
furnaces with efficiencies of 80-90%. 

Perhaps the most radical innovation is 
the pulse combustion furnace developed 
and marketed by Lennox Industries (Dal¬ 
las). Unlike conventional systems, which 
use a steady stream of flaming gas, the 
pulsed unit repeatedly spurts a small 
amount of gas into the combustion cham¬ 
ber, causing 60-70 mini-explosions per 
second. The pulsing creates more air tur¬ 
bulence within the combustion chamber; 
the swirling gases produce more complete 
combustion, and improve the transfer of 
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In 1959, Kraft Foods became the first U.S. company to choose East 
Kilbride as an overseas location. 

Since then, the town has continued to attract more and more 
companies from the States. 

East Kilbride sits in the very heart of Scotland's Silicon Glen. 

Within a 50 mile radius there are over 200 electronics companies 
forming not only a close-knit nucleus of suppliers, but a considerable 
market too. 

As well as being the ideal gateway to the expanding markets in the 
U.K., East Kilbride is also well positioned for companies wishing to exploit 
the vast European markets. 

Using East Kilbride as a tariff-free springboard, your company 
has another 600 million potential European customers. 

Our labour record is excellent, with 95% of facilities enjoying a 
strike-free period of five years. 

Because 80% of companies are union free, East Kilbride’s position 
as a right to work town is further consolidated. 

The town has a proven track record in successfully catering for 
industrial investment and our range of financial incentives is among the 
best offered by any area in the U.K. 

If your company is considering an offshore project, contact 
Rick Packer on (617) 431 7474 at PRTM, 36 Washington Street, Wellesley 
Hills, Massachusetts 02181. 

And join the other U.S. companies currently flying the flag in 
East Kilbride. 
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heat to the heat exchanger. Efficiency of 
the pulse furnaces is 93-97%. With an av¬ 
erage installed cost of $2000-$3000, how¬ 
ever, the pulse systems are somewhat 
more expensive than other high-efficiency 
gas furnaces. The noise generated by the 
pulse furnace’s rapid-fire explosions can 
be another problem. 

The latest oil furnaces gain efficiency in 
essentially the same ways as gas fur¬ 
naces—by recovering as much heat as pos¬ 
sible from exhaust gases. 

The reigning champion is 
a 91%-efficient condensing 
furnace from Yukon Ener¬ 
gy (St. Paul). Hot combus¬ 
tion gases are passed 
through a stainless-steel 
pipe ribbed with aluminum 
fins; a fan blows air past 
the fins, cooling the gas to 
less than 140° F and carry¬ 
ing the heat into the 
warm-air distribution 
ducts. The relatively cool 
exhaust can be vented to 
the outside with a plastic 
pipe rather than up a chim¬ 
ney. Consequently, this 
and other condensing fur¬ 
naces—either oil or gas— 
can be installed in the 
chimneyless homes that 
were built with electric re¬ 
sistance heating systems. 

Other techniques for im¬ 
proving the efficiency of 
oil heating systems focus 
on the specific problems 
associated with a liquid 
fuel. “Retention head 
burners,” for example, 
swirl the vaporized oil and 
air to prolong the fuel’s 
stay in the combustion 
chamber. The result is a 
hotter flame and more 


ciently transfer energy between indoor 
and outdoor spaces. A heat pump can de¬ 
liver 2-4 times more energy in heat than it 
consumes as electricity. In the summer a 
heat pump cools the house by transfer¬ 
ring heat from indoors to outdoors. 

In their most common application, heat 
pumps installed outside the house above 
ground extract heat from outdoor air. The 
main problem with air-to-air heat pumps 
is that their efficiency decreases as it gets 


How the pulse 
furnace works 



1) Valves open to let air and gas into the combustion chamber. 

2) Spark plug ignites first explosion. 3) Combustion pressure shuts in¬ 
let valves. 4) Exhaust pulls valves back open. 5) Pulse is reflected from 
end of pipe. 6) Reflected shock wave ignites next air/gas charge. 


complete fuel burning. Developed in the 
early ’80s at Brookhaven National Labora¬ 
tory, these burners are now used in almost 
all new systems, according to Dick Ca- 
hoon, vice-president for policy at the Pe¬ 
troleum Marketers Association of Ameri¬ 
ca (Washington, D.C.). In addition, says 
Cahoon, high-efficiency oil systems use 
more sophisticated atomizers that inject a 
fine stream of oil into the burner; by com¬ 
parison, older units wastefully slosh the 
fuel into the flame. Another efficiency 
measure is down-sizing: newer, smaller 
boilers suffer less from “standby” heat 
loss than large conventional ones. 

Soaring electricity costs have reduced 
the popularity of central resistance heat¬ 
ing systems. But electrical heating is far 
from dead, thanks to the surging popular¬ 
ity of heat pumps—appliances that effi- 


colder outside; many reach a “balance 
point” at an outside temperature of about 
30° F, when they automatically switch on 
an electric resistance element. Alterna¬ 
tively, heat pumps can draw heat from 
water in wells, lakes, or rivers. These sys¬ 
tems are more expensive and difficult to 
install, but maintain their efficiency deep 
into winter because water stays within a 
fairly narrow temperature range year- 
round. 

From the perspective of some electric 
utility researchers, the most fertile area 
for innovation is in earth-coupled heat 
pumps, which put the outside heat ex¬ 
changer in a horizontal trench beneath 
the frost level. Typically a water or water- 
and-antifreeze mixture is pumped 
through buried piping, bringing heat 
from the earth to the heat pump, where 


refrigerant running through a heat ex¬ 
changer transports the heat inside. 

“Rural electric systems are really get¬ 
ting excited about earth-coupled heat 
pumps,” says Peyton Collie, a research 
engineer with the National Rural Electric 
Cooperative Association (Washington, 
D.C.). The association is sponsoring ex¬ 
periments to make them about 25% more 
efficient than they are now by pumping 
the refrigerant directly into the ground- 
coupled piping. This 
would eliminate the need 
for a heat exchanger with¬ 
in the heat pump itself. 

At $6000-38000 in¬ 
stalled, however, earth- 
coupled heat pumps are 
about twice as costly as 
air-to-air systems. Anoth¬ 
er drawback is the need 
for a large land area in 
which to lay the piping. 
The key to bringing the 
technology into the city, 
says Collie, will be to in¬ 
stall the pipe vertically in 
holes drilled to a depth of 
about 80 feet. 

Another heat-pump in¬ 
novation makes it possible 
to control temperature in¬ 
dependently in different 
rooms. A Japanese com¬ 
pany—Daiken—makes a 
system that pumps the re¬ 
frigerant through piping 
in the house’s walls. Wall- 
hung or floor-mounted 
condensing units in each 
room can be adjusted sep¬ 
arately to provide zoned 
heating. 

Unfortunately for con¬ 
sumers, political and eco¬ 
nomic factors have slowed 
down the introduction of 


high-efficiency heating systems. Tradi¬ 
tionally, many home builders installed rel¬ 
atively inefficient systems, such as elec¬ 
tric resistance units; home buyers, it was 
figured, were more attracted by low ini¬ 
tial cost than by the long-term prospect of 
reduced energy bills. In an action that 
could have changed the situation, Con¬ 
gress passed legislation last year that 
would have required all new appliances to 
meet stringent energy efficiency stan¬ 
dards. President Reagan refused to sign 
the measure into law, but the bill will 
probably be resurrected sometime this 
year. □ 


Jeffrey Seisler, manager of natural gas 
vehicle market development for the 
American Gas Association, is an energy 
analyst and freelance writer. 
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Microcomputers 


TVRNIN8 MICROCOMPUTERS 
INTO FAX MACHINES 


i 7 acsimile machines are becoming 

Li common in offices, providing 

# ' quick, relatively painless transmis- 
JL sion of documents. The interna¬ 
tional Group 3 facsimile (fax) standard 
provides for transmission of any image— 
text or graphics—over ordinary tele¬ 
phone lines. 

A scanner in the fax machine breaks up 
the original document into pixels at 200 
dots per inch horizontally and 100 dpi ver¬ 
tically (the “fine” mode has 200 dpi in both 
directions); it then converts the pixels into 
a bit stream to feed a modem. The receiv¬ 
ing fax takes the bit stream and prints the 
image, usually with a thermal printer, al¬ 
though the most sophisticated units em¬ 
ploy laser printers. Pax machines have 
traditionally been self-contained units, 
and the smallest are now only a little larg¬ 
er than a typewriter. 

Because fax communicates in a digital 
format, a microcomputer can handle some 
fax functions better than a fax machine— 
for example, a computer can store and 
manipulate a digital image. But a micro¬ 
computer needs several accessories— 
scanner, fax-compatible modem, and 
graphics printer—to emulate a fax ma¬ 
chine completely, and most common scan¬ 
ners and printers sold for micros are not 
designed for fax applications. 

With the appropriate fax software, 
however, the only essential accessory for 
adding bare-bones fax to a microcomput¬ 
er is a fax-compatible modem. The modem 
has a 9600-bit-per-second (bps) half-du¬ 
plex protocol (transmissions go only one 
way at any given time) used mainly for 
fax; based on a subset of the V.29 proto¬ 
col, it is incompatible with full-featured 


by Cary Lu 
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V.29 modems, the newer full duplex 
V.32 modems, and other 9600-bps types. 
Some fax modem models do permit com¬ 
puter data transmission in a nonfax for¬ 
mat to another computer equipped with a 
similar fax modem. By using a microcom¬ 
puter to control the modem, some fea¬ 
tures traditionally found only on expen¬ 
sive fax machines become accessible—for 
instance, programming the system to 
make multiple calls overnight when 
phone charges are low. 

Without a scanner, fax software must 
work with information already stored in 
the computer. The software can synthe¬ 
size an image of stored text or graphics, 
which is then sent as if it came from a 
standard fax machine. Synthesized im¬ 
ages, with precisely formed letters and 
perfect vertical and horizontal lines, are 
actually much cleaner than scanned fax 
images, which invariably suffer from pa¬ 
per alignment problems and surface 
faults that create rough edges and a gen¬ 
erally untidy appearance. 

On the receiving end, an incoming fax 
image can be displayed on a graphics 
screen—but the typical IBM PC screen dis¬ 
plays about 50 dpi instead of fax’s 200 dpi. 
Thus you can choose a low-quality rendi¬ 
tion at life size, or a quadruple magnifica¬ 
tion that shows only a small part of a 
page. In the magnification mode, where 
one screen pixel corresponds to one fax 
pixel, images are stretched vertically on 
most IBM PC screens (where the pixels are 
rectangular rather than square.) 

A printer makes a much better fax out¬ 
put device. Many dot matrix printers have 
a graphics mode at about 200 dpi, and can 
thus print a fax image if compatible with 
the fax software. Yet most impact dot ma¬ 
trix printers sold for microcomputers gen¬ 
erate large smudged pixels 11-15 mils in 
diameter; the image looks much softer 
than with the thermal printers used by 
fax machines that produce fairly crisp pix¬ 
els of 6-8 mils. 

A laser printer can produce even crisp¬ 
er images; the common 300-dpi printers 
generate 4-mil dots. But there are some 
problems with reproducing a 200-dpi fax 
image on a 300-dpi printer. First, the laser 
printer must be capable of full-page 
graphics—and most laser printers sold 
for the IBM PC, such as the Hewlett-Pack¬ 


ard LaserJet, cannot do this without ex¬ 
pensive hardware add-ons. Second, the 
software controlling the laser printer 
must correct the discrepancy between the 
200-dpi fax image and the 300-dpi laser im¬ 
age. This can be done with pixel-for-pixel 
correspondence, in which case the output 
is two-thirds the original size, or the soft¬ 
ware can alternate larger and smaller 
dots to minimize the distortion. The result 
has some jagged edges, but then Group 3 
fax has never boasted high-quality im¬ 
ages. New 400-dot-per-inch laser printers 
can print fax images more easily and are 
also suited to the new Group 4 400-dpi fax 


Scanners attached to a micro for fax in¬ 
put have similar resolution mismatch 
problems. Most scanners are designed for 
300 dpi horizontally, so the controlling 
software creates a 200-dpi image by ignor¬ 
ing every third pixel. Changing the dpi in 
the vertical direction is easy since scan¬ 
ners physically move a linear scanning ar¬ 
ray down the page; software can increase 
or decrease the scanning rate as required. 

Substituting a PC as a fax machine car¬ 
ries some operational implications. A typi¬ 
cal fax machine stays on 24 hours a day, 
connected to a dedicated telephone line. 
Unless a microcomputer can be devoted 
solely to fax, the fax software must run in 
the background while the micro for nor¬ 
mal work is run in the foreground. Prom¬ 
ising background fax on their PC/fax 
boards are Datacopy, with its Micro-Fax 
board and scanner, and Panasonic, with 
the FX-BM 88 fax board and scanner. But 
the current versions of MS-DOS are not de¬ 
signed for background functions, so back¬ 
ground fax could be disrupted by prob¬ 
lems such as routine operator errors in 
the foreground process. 

Another approach to background fax is 
to put enough memory on the fax modem 
board to store an incoming message inde¬ 
pendent from the computer’s processor. 
But how much memory? A receiving fax 
machine cannot ask the sending machine 
to pause during transmission so it can 
dump the images to disk; it can only hang 
up the phone line. And such memory can 
be wiped out by power failures. 

Yet another way to keep fax running 
despite microcomputer glitches is to con¬ 
vert a freestanding fax machine by add- 




































ing a serial port to communicate with a 
microcomputer; both Pitney Bowes and 
Xerox sell such units. With suitable soft¬ 
ware, the 200-dpi fax scanner and printer 
are available to the computer for nonfax 
purposes, but unfortunately 200 dpi is too 
low for desktop publishing and many oth¬ 
er applications. Most users will find it bet¬ 
ter to get 300-dpi scanners and printers 
and live with the minor problems of run¬ 
ning them at 200 dpi. The converted fax 
units are also expensive—$5000 and up 
for hardware and software. 

For $5000 you can also get a fax ma¬ 
chine from Pitney Bowes with a built-in 
hard disk drive and a multifunction serial 
port that in fax mode is principally de¬ 
signed for accepting text from a comput¬ 
er. The fax machine takes in text and syn¬ 
thesizes a fax image, and stores it on hard 
disk for transmission via fax. This setup 
can send fax images to a PC, but the PC 
can send only text to the fax. 

By comparison, fax accessories for mi¬ 
crocomputers cost less. A fax modem 
board with software sells for under $1200. 
A low-end scanner attached to an existing 
dot matrix printer costs only a few hun¬ 
dred dollars; a competent scanner with a 
300-dpi sensor array runs about $1500 and 
up. A dot matrix printer capable of medio¬ 
cre fax reproduction is only $300, but bet¬ 
ter ones cost between $600 and $1000. 
Full-graphics laser printers remain above 
$3000. 

Background operation may not be nec¬ 
essary if you receive fax images only af¬ 
ter a voice call to set up the procedure (fax 
by appointment), or leave fax running 
only overnight. Fax by appointment has 
one advantage: publishers have intro¬ 
duced directories of fax numbers. Al¬ 
though a great convenience for fax users, 
these directories also make “junk fax” 
possible. Unlike junk mail, a fax message 
costs the recipient time and money to 
print the image. Users may begin adopt¬ 
ing secure fax networks that accept mes¬ 
sages only from authorized senders, but 
restricted access offsets some advan¬ 
tages of fax. 

The major attraction of fax is the ability 
to communicate with the 2 million fax ma¬ 
chines in use around the world. A large 
portion of these machines are in Japan, 
where fax has displaced telex and tele¬ 


grams for sending messages in Chinese 
characters (kanji); the U.S. and Canada 
have about half a million fax machines. 
Group 3 fax works without any fussing 
over protocols, and it works right now. 

But does fax have a future? Despite its 
digital nature, fax is an unsophisticated 
technology. In North America, most fax 
images contain only text, which is much 
easier to send via electronic mail with 
character coding than sending pictures of 
the letters. A recipient can edit electronic 
text messages, but fax images can be edit¬ 
ed only as a bit map, an extremely cum¬ 
bersome process. In principle, optical 
character recognition could convert a fax 
image into a text-editable file, but OCR is 
impractical on 200-dpi fax images that 
come from an unknown source. Compa¬ 
nies that offer fax OCR should warn pro¬ 
spective buyers not to expect too much. 
(OCR is easy to use on a synthesized im¬ 
age, but in that case, you may as well 
have sent the computer file to begin with.) 

Since fax images are always pictures, a 
page can occupy considerable storage— 

COMPANIES COVERED 

Datacopy Corp., 1215 Terra Bella Ave„ 
Mountain View, CA 94043, (415) 965— 
7900. 

Panasonic Computer Products Div., Two 

Panasonic Way, Secaucus, NJ 07094, 

(201) 348-7000. 

Pitney Bowes. Walter Wheeler Dr., 
Stamford, CT 06926, (203) 351-6127. 
Xerox Corp., Xerox Square-06B, 
Rochester, NY 14644, (716) 423-5078. 

Other companies 

Carterfone (Cable & Wireless), 1341 W. 
Mockingbird Ln„ Suite 1100W, Dallas, 

TX 75247, (214) 630-9700. Fax board 
made by Gammalink. 

Electronic Information Technology, 373 
Rte. 46, W. Fairfield, NJ 07006, (201) , 

227-1447. Fax board and scanner. 
Gammalink, 2452 Embarcadero Way, 

Palo Alto, CA 94303, (415) 856-7421. 

Fax board. 

Microtek, 16901 S. Western Ave., 

Gardena, CA 90247, (213) 538-5369. 

Fax board and scanner. 



typically 30-60 kilobytes for a page of 
text, or 120 kB in fine mode, even with 
Group 3’s data compression scheme. A 20- 
megabyte hard disk devoted to fax im¬ 
ages can store just 170 fine-mode pages. 
As a standard computer file coded in 
ASCII format, a page takes up only 2-4 
kB. Thus an ASCII page at 1200 bps trans¬ 
mits faster than a fax page at 9600 bps. 

For graphics, no equivalent to ASCII 
coding exists, so fax’s universality is a 
great advantage. Nevertheless, a struc¬ 
tured graphics file that can be edited by 
the recipient is far more useful than fax, 
as it contains lines, text, and other attri¬ 
butes that can be moved as units rather 
than individual pixels as found in fax. 

Future fax developments will concen¬ 
trate on faster transmission and higher 
resolution—features that are easily 
agreed upon internationally—rather than 
character or attribute coding. The pro¬ 
posed Group 4 standard calls for several 
resolution levels up to 400 dpi (which 
should make OCR practical) and an im¬ 
proved compression scheme. Group 4 is 
designed for an all-digital telephone net¬ 
work instead of dial-up phone lines. 
(Group 4 does not specify a modem since a 
digital network does not need modems. 
Several manufacturers claim to provide 
Group 4 over dial-up lines, but lacking a 
standard, these products suffer from in¬ 
compatibility problems.) 

Until an industrywide graphics stan¬ 
dard is adopted, fax will remain a practi¬ 
cal way to send pictures. And as more mi¬ 
crocomputer users add scanners and 
quality printers for desktop publishing 
and other applications, fax will become an 
increasingly common microcomputer ac¬ 
cessory as well. Whenever possible, we 
should be communicating with a good 
graphics file format from computer to 
computer, but we may have to live with 
fax and its limitations for a long time to 
come. □. 
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Industrial Technology 


INDUSTRY WARMS UP 
TD MICROWAVE OVENS 


TT Tntil recently, industrial micro- 
f / wave ovens found acceptance in 
f / the rubber and food-processing 
V_y industries, but they had generally 
failed to enter other manufacturing sec¬ 
tors. Their use is now expanding, howev¬ 
er, as microwave curing and drying 
moves into several promising areas—in 
particular, engineering ceramics, semi¬ 
conductor fabrication, and metal found¬ 
ries—where conventional heating is less 
effective. Another new application for in¬ 
dustrial microwaves is asphalt recycling, 
which may play a major role in the grow¬ 
ing effort to repair aging American 
highways. 

Conventional techniques generally heat 
the area around a product, relying on con¬ 
duction to transmit heat from its surface 
to its interior. This can be very time-con¬ 
suming, since heat must penetrate 
through an object’s full cross-section, and 
the uneven temperature distribution may 
cause defects such as case hardening, in 
which an outer skin develops before all in¬ 
ternal moisture escapes. 

Microwaves heat by creating molecular 
movement inside an object. As they pene¬ 
trate, they cause polar molecules (espe¬ 
cially water)-within the material to align 
themselves with the electromagnetic 
field. And as the polarity of the field is al¬ 
ternated, molecules twist repeatedly, gen¬ 
erating friction, and therefore heat, even¬ 
ly throughout the material. 

Industrial applications of microwaves 
have been limited mainly because of their 
cost—as much as twice that of conven¬ 
tional equipment, says Richard H. Edgar, 
manager of the Industrial Equipment 
Group of Raytheon’s Microwave and 
Power Tube Division (Waltham, Mass.). 
But higher cost takes a back seat in pro¬ 
cesses such as the drying of superinsulat- 
ing ceramics where conventional baking 
just doesn’t work. Also, when heating 
high-cost products such as silicon wafers, 
the faster cycle time of microwaves may 
provide significant benefits. Products 
with high electrical conductivity or with 
no evenly distributed polar constituents, 
however, generally cannot be heated by 
microwaves. 

Industrial microwaves are well estab- 


by Jeffrey Zygmont 


lished in rubber vulcanizing and in certain 
aspects of food processing because their 
performance in these areas far surpasses 
conventional heating methods. To vulca¬ 
nize rubber, a high temperature is main¬ 
tained for a set period while molecules in¬ 
terlock to give the material its desired 
property. But since rubber is a poor heat 
conductor, it may take more than an hour 
for conventional heating to generate an 
internal temperature of 400° F, explains 
Charles R. Buffler, director of research 
and applications at Cober Electronics 
(Stamford, Conn.). Microwaves bring the 
material up to vulcanizing temperature in 
about one minute. In a typical vulcanizing 
application, extruded rubber pieces (like 
automobile door seals) pass from a micro- 
wave tunnel into a conventionally heated 


Microwave heating should 
gain favor as long-term 
increases in fuel 
prices force industries 
to cut their dependence 
on gas and oil. 


chamber, where the temperature is main¬ 
tained. Rubber makers also use micro- 
waves to preheat material before mold¬ 
ing. Not only does the softer rubber 
prolong mold life, but it also permits fast¬ 
er injection, thereby increasing the pro¬ 
duction rate, says Buffler. 

In food processing, microwaves are 
used primarily for pasta drying and meat 
tempering, markets in which Microdry 
(San Ramon, Cal.) and Raytheon, respec¬ 
tively, are leaders. Microwaves evenly 
warm meat from a deep-frozen state to 
just below 32° F, where the meat can be 
processed (diced, ground, etc.) more easi¬ 
ly, and then cooled to deep freeze again 
with minimal energy. In pasta and noodle 
drying, microwaves prevent the forma¬ 
tion of a tough outer skin, and significant¬ 
ly inhibit microbial infestation. Precook¬ 
ing bacon is the most promising new food¬ 
processing application. Microwaved prior 


to shipping, bacon loses much of its mois¬ 
ture without shrinking, and it cooks fast¬ 
er. Thus the fast-food industry, particu¬ 
larly Burger King, is the driving force 
behind this new use, says Edgar. 

An emerging application, “lost-foam 
casting,” extends the established use of 
microwaves in metal foundries. Conven¬ 
tional metal molds often incorporate cores 
made of chemically bonded sand that cre¬ 
ate internal voids and crevices in the fin¬ 
ished product; to give a smooth finish to 
the cores, they are dipped in a ceramic so¬ 
lution, which may be hardened by either 
conventional or microwave heating. But 
lost-foam casting, a modern variation on 
an ancient technique, dispenses with reus¬ 
able molds altogether and instead uses 
molds made of foam that evaporates as 
molten metal displaces it. As with conven¬ 
tional molds, foam blanks must be dipped 
in a ceramic solution to produce a smooth 
casting finish; the foam would melt pre¬ 
maturely, however, if the fragile coating 
were hardened in a high-temperature con¬ 
ventional oven. But because the foam ma¬ 
terial is transparent to microwaves, only 
the coating is heated when the microwave 
process is used. 

The most ambitious foundry applica¬ 
tion to date is a Cober oven for engine- 
block casting at Ford Motor’s plant in 
Windsor, Ontario, which uses an over¬ 
head chain conveyor in a microwave for 
the first time, says Buffler. To keep mi¬ 
crowaves away from the moving metal 
chain, Cober uses a “choke,” or metal de¬ 
flector, that is specifically shaped and lo¬ 
cated to intercept the waves. To prevent 
the microwaves from escaping the oven 
through the entrance and exit tunnels, 
Cober incorporates baffles that hang be¬ 
hind every fourth engine-block blank, so 
several baffles are in the tunnels at one 
time, blocking stray radiation. 

Superwave Technology (Santa Clara, 
Cal.) is pioneering microwave heating in 
electronics with its Supertherm line of 
automated ovens. These systems are de¬ 
signed for a wide range of thermal pro¬ 
cessing tasks—curing wafer coatings, 
drying and reflowing solder, and fusing 
laminated printed circuits, to cite a few. 
Since many electronic products contain 
metal, Superwave’s “microwave-assisted 
conduction curing” process uses special 
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graphite pallets that intercept most 
waves as the pallets carry workpieces 
through an oven; cavities in the bottom of 
each pallet generate heat and transfer it 
by conduction to desired parts of the 
product. 

Ovens may be manually loaded, but to 
complement the trend toward automation 
in cleanrooms, one Superwave model has 
robots for loading and unloading wafers. 
Supertherm ovens range from $35,000 to 
about $60,000, compared to perhaps 
$10,000-$20,000 for a 
convection system. 

But the increased pro¬ 
duction rate often jus¬ 
tifies the expense, 
says Nargas Zahedi, 
an applications devel¬ 
opment engineer at 
the company. The ov¬ 
ens reduce curing 
time from one or two 
hours to less than sue 
minutes, depending 
on the application, Za¬ 
hedi claims. 

In ceramic process¬ 
ing, microwaves are 
still mainly in a devel¬ 
opmental stage. But 
the application is 
promising, says Ray¬ 
theon’s Edgar: be¬ 
cause microwaves 
heat the ceramic uni¬ 
formly, they provide more homogenous 
internal properties; and the near-instanta¬ 
neous heating from microwaves provides 
better process control. For example, he 
notes, “the instant an engineer shuts 
down the system, the heat begins to leave 
the product,” whereas conventional ovens 
require a long cooling period. Thus pro¬ 
cessors can better control steps that are 
time/temperature dependent, such as 
grain growth and recrystallization. To tap 
the market potential of microwaves for 
ceramic processing, says Edgar, Rayth¬ 
eon hopes to develop a standardized mi¬ 
crowave kiln. 

The brightest near-term financial pros¬ 
pect is a microwave system for recycling 
asphalt, according to Robert Nath, chair¬ 
man of CD High Technology (George¬ 
town, Tex.). In its first large-scale applica¬ 


tion, CD’s Cyclean system will recycle 
nearly 500,000 tons of pavement for Los 
Angeles over the next three years. CD 
gets $13 per ton, about 60% of the cost of 
new asphalt, says Nath. 

After being torn from a road, recycled 
asphalt pavement (called RAP in the 
trade) is fed by conveyor to the oven, 
where microwaves heat the aggregate 
(gravel that makes up about 95% of as¬ 
phalt). By conduction, the aggregate 
heats the petroleum-based asphalt glue, 


A view through the top access panel to 
the heating chamber of Superwave 
Technology’s automated microwave 
oven shows microchips being bonded to 
lead frames. Microwaves cure the epoxy 
in a fraction of the time needed by 
conventional ovens. 

or bonding material, which is transparent 
to microwaves. 

The problem with conventional heating 
is that the bonder is a very good insulator, 
which coats every particle of aggregate. 
Other recycling methods thus require a 
mixture of at least 50% new asphalt, 
which must be heated to between 600° and 
800° F. It is then added to recycled pave¬ 
ment, which is heated by convection to a 
final mixture temperature of about 280°, 
according to Nath. 

Such recycling operations must add pol¬ 


lution-control equipment to meet federal 
EPA emissions regulations, whereas Cy¬ 
clean is smokeless, says Nath. Also, be¬ 
cause the microwave recycler fits on a 
truck bed, it can be brought closer to a 
construction site, reducing the expense of 
transporting asphalt. 

Despite these developing applications, 
industrial microwaves remains a small in¬ 
dustry, a state Raytheon’s Edgar blames 
on its commitment to customized systems 
that cannot be adapted to multiple users. 

Most observers esti¬ 
mate that combined 
annual sales for the 
handful of U.S. com¬ 
panies are in the 
neighborhood of $15 
million. The four larg¬ 
est companies are 
Cober, Microdry, 
Raytheon, and Ger- 
ling Laboratories of 
Modesto, Cal. 

But in its recent re¬ 
port U.S. Commer¬ 
cial and Industrial 
Microwave Equip¬ 
ment Markets, Frost 
& Sullivan predicts 
that microwave heat¬ 
ing will gain favor as 
long-term increases 
in fuel prices force in¬ 
dustries to cut their 
dependence on gas 
and oil. It cites two factors that should 
contribute to increased awareness of mi¬ 
crowave processing in industry: the wide 
acceptance of home microwaves, which 
have become high-volume, commodity 
products; and the availability of combined 
microwave/conventional ovens, like the 
Cober Cure oven, which is both a high-ve¬ 
locity hot-air tunnel and a microwave 
chamber, permitting the two modes to be 
used interchangeably or together, there¬ 
by exploiting the advantages of each. 
Such combined units familiarize proces¬ 
sors with microwaves while providing the 
security of tried-and-true methods. □ 


Jeffrey Zygmont is a senior editor o/HIGH 
TECHNOLOGY. George Svenson, a writer in 
Watsonville, Cal., contributed to this 
article. 
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STAYING IN TOUCH WITH SUBS 


TTT'7'hile submarines are very dif- 
1 \ / ficult to detect at operating 
I A/ depth, they are also very dif- 
V f ficult to contact. To receive 
conventional radio transmissions, which 
penetrate only a few meters of seawater, 
subs must interrupt their normal opera¬ 
tions to approach the surface and thus 
greatly increase their risk of detection. 
But two new technologies now offer sub¬ 
marines the prospect of receiving commu¬ 
nications while deep in the ocean. The ELF 
(extremely low frequency) radio system, 
which started full operation last year, 
uses exceptionally long wavelengths that 
penetrate seawater to great depths. The 
SLC (satellite laser communication) ap¬ 
proach. currently under vigorous re¬ 
search, uses a blue laser beam to pierce 
the water. Together, these complemen¬ 
tary methods offer the prospect of flexi¬ 
ble and versatile communications for the 
subs of the 1990s, with ELF providing pre- 
coded messages to the fleet as a whole 
and SLC sending emergency communica¬ 
tions meant for individual missile subs. 

ELF, which the Navy started to develop 
in the 1960s, relies on the principle that 
low-frequency waves can penetrate much 
farther into seawater than can high fre¬ 
quencies. Conventional naval radio, trans¬ 
mitting at a few tens of kilohertz, reaches 
a depth of 10 meters. ELF operates be¬ 
tween 72 and 80 hertz and extends down 
hundreds of meters. 

An ELF antenna, which transmits sig¬ 
nals that travel first through the air and 
then down into the ocean, relies on rocks. 
To produce a detectable signal, the anten¬ 
na must form a loop in the vertical plane 
several miles across, shaped like the letter 
D or 0. This requires an electric current 
that runs along cables near the earth’s 
surface and dives deep into the bedrock to 
create the rest of the loop. In order to 
drive the current to the lowest possible 
depths—and hence achieve the strongest 
possible signal—the bedrock needs par¬ 
ticularly high electrical resistance. The 
dry impermeable granite that best satis¬ 
fies this requirement exists in relatively 
few places in the U.S.; the Navy chose the 
region of northern Wisconsin and Michi¬ 
gan’s upper peninsula. 


by T. A. Heppenheimer 


In 1982, after the Navy scaled back its 
original demands for space in response to 
local protests, a $231 million ELF system 
won government approval. The main con¬ 
struction contract, for $121 million, went 
to GTE Government Systems (Needham, 
Mass.), which is also supplying submarine 
receivers containing a signal-processing 
computer from Sperry. The two ELF 
transmitters, featuring 28 and 56 miles of 
transmitter cable mounted from poles like 
telephone lines, are based respectively in 
Wisconsin’s Chequamegon National For¬ 
est and 150 miles away at a site close to 
Michigan’s K. I. Sawyer Air Force Base, 
where the system’s control center is 
located. 

The antennas are inherently inefficient; 


Two new technologies 
promise effective communi¬ 
cations with submarines 
at great depths. 


1.35 megawatts of input electrical power 
produces ELF radio waves with just 2 
watts of power, which severely limits 
transmission speed. Thus the system 
transmits only three-letter coded mes¬ 
sages that are highly standardized com¬ 
mands—BCJ, for example, means “the 
system is operating normally but there is 
nothing to communicate”—or that alert a 
sub to come up for more. Nevertheless, 
the system has proved its value to the 
small number of subs in which it has al¬ 
ready been installed. In fact, the Navy ex¬ 
pects the combination of ELF and conven¬ 
tional radio, beamed from shore and 
airborne transmitters, to serve its near- 
term needs. 

In recent years the Defense Advanced 
Research Projects Agency (DARPA) in Ar¬ 
lington, Va., has taken the lead in develop¬ 
ing technology for the altogether differ¬ 
ent SLC system. The program got its start 
in DARPA’s Directed Energy Office in the 
late 1970s, as an offshoot of efforts to pro¬ 
duce powerful lasers for strategic 
defense. 

One of DARPA’s proposed devices 


would use a xenon chloride laser, one of a 
class of “excimer” lasers that offer rea¬ 
sonably high efficiency. Although xenon 
chloride’s ultraviolet light does not pene¬ 
trate seawater, its wavelength can be 
shifted using the “Raman effect,” in 
which the beam stimulates the atoms of 
an appropriate material to emit light. Us¬ 
ing hydrogen as the material, engineers 
created an efficient system that produced 
a vivid blue-green beam of light that could 
reach considerable ocean depths. 

Detecting the light, however, was a 
problem. Designers needed a laser receiv¬ 
er that could see an incoming beam over a 
wide range of angles—since a message 
could come in from almost any direction— 
and yet would respond only to the wave¬ 
length of the weak and scattered laser 
light. Standard optical filters could not 
fulfill both requirements: the narrow- 
band type could only take in a small range 
of angles, while the wide-angle design re¬ 
sponded to a spectral range so broad that 
it could not distinguish the laser light. The 
only apparent compromise was to demand 
high laser power: kilowatts for a space- 
based laser, hundreds of watts from an 
aircraft, or tens of kilowatts for a ground- 
based system reflecting off an orbiting 
mirror. Since scientists saw no immme- 
diate prospect of such power levels, the 
blue-green laser was expected no earlier 
than the late 1990s. 

Then, in 1983, two years after DARPA 
director Robert Cooper sponsored a major 
effort to seek new approaches for the re¬ 
ceiver, the University of Arizona unveiled 
a cesium vapor receiver filter that relied 
on atomic effects rather than classical op¬ 
tical techniques. Photons of laser light ex¬ 
cite the cesium and cause its atoms to flu¬ 
oresce, emitting deep-red light that, when 
demodulated, yields the message carried 
by the laser. The cesium responds only to 
a very narrow range of wavelengths, but 
can readily offer wide-angle reception. 
The new filter, according to Donald 
Latham, assistant secretary of defense 
for communications, “offers a several- 
hundred-foot increase in the depth achiev¬ 
able, or a factor-of-fifteen decrease in 
message delivery time, or a [classified] de¬ 
crease in the amount of laser power.” It 
also brought a shift in terminology. Since 
the cesium receiver couldn’t pick up blue- 
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ters in ammeter on me ocean sunaee, ana 
was detected by laser receivers aboard 
the submarine U.S.S. Dolphin, riding at a 
classified depth. Significantly, the tests 
used conventional laser receivers rather 
than the much more sensitive cesium fil¬ 
ter. Nevertheless, the beams propagated 
successfully through towering thunder- 


lengtn, out vamn—sssaciaies psmia 
Clara, Cal.) and ITT (Fort Wayne, Ind.) are 
developing devices based on gallium arse¬ 
nide that offer at least 10 times better de¬ 
tection efficiency. 

The DARPA program, now running at 
about $30 million annually, is developing 
both airborne and satellite-borne lasers. 


cumy, Decause rneir airecuonai Deams 
will be much more difficult to tap than 
are today’s omnidirectional radio trans¬ 
missions. □ 


T. A. Heppenheimer, a freelance writer 
based in Fountain Valley, Cal., has a PhD 
in aerospace engineering. 
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in DARPA’s Directed Energy Office in the 
late 1970s, as an offshoot of efforts to pro¬ 
duce powerful lasers for strategic 
defense. 

One of DARPA’s proposed devices 


Latham, assistant secretary of defense 
for communications, “offers a several- 
hundred-foot increase in the depth achiev¬ 
able, or a factor-of-fifteen decrease in 
message delivery time, or a [classified] de¬ 
crease in the amount of laser power.” It 
also brought a shift in terminology. Since 
the cesium receiver couldn’t pick up blue- 
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green light, designers substituted lead va¬ 
por for hydrogen in the Raman. The re¬ 
sult was a blue beam and a “blue laser.” 
At the same time, DARPA decided to 
transmit the messages with satellite- 
borne, rather than ground-based, lasers, 
because studies showed that they could 
obtain similar coverage with less power. 

Airborne tests in 1984 demonstrated 
how lasers can pierce heavy clouds and 
dirty seas. A 1-watt laser from GTE 
mounted in a Rockwell International Sa- 
breliner illuminated a spot several kilome¬ 
ters in diameter on the ocean surface, and 
was detected by laser receivers aboard 
the submarine U.S.S. Dolphin, riding at a 
classified depth. Significantly, the tests 
used conventional laser receivers rather 
than the much more sensitive cesium fil¬ 
ter. Nevertheless, the beams propagated 
successfully through towering thunder- 


heads off Oregon and through roiling, 
turbid water off California’s San Clemen¬ 
te Island. In the words of a DARPA offi¬ 
cial, “The depths that we reached are as¬ 
tonishing, and classified.” 

In the past two years, McDonnell Doug¬ 
las and GTE Government Systems have 
built cesium filters, and GTE is now build¬ 
ing a complete receiver for a submarine. 
The next problem is detecting the individ¬ 
ual photons of deep-red light that emerge 
from the fluorescing cesium. Convention¬ 
al detectors work poorly at that wave¬ 
length, but Varian Associates (Santa 
Clara, Cal.) and ITT (Fort Wayne, Ind.) are 
developing devices based on gallium arse¬ 
nide that offer at least 10 times better de¬ 
tection efficiency. 

The DARPA program, now running at 
about $30 million annually, is developing 
both airborne and satellite-borne lasers. 


The airborne types would be used for fu¬ 
ture experiments; the orbiting lasers 
would scan large areas of ocean from geo¬ 
synchronous orbit, perhaps in a predeter¬ 
mined pattern designed to provide uni¬ 
form coverage of large areas. Lockheed 
Missiles and Space (Sunnyvale, Cal.) is de¬ 
signing the satellite, called SLCSAT, and 
Northrop (Century City, Cal.) has built 
the laser, which DARPA describes as 
“space-qualifiable.” It must operate un¬ 
tended for five to seven years in orbit. 
HLX Lasers (San Diego), an offshoot of 
the now-defunct Helionetics, plans to un¬ 
dertake accelerated testing by using a 
version that can pulse at a particularly 
high repetition rate. Mathematical Sci¬ 
ences Northwest (Seattle) has also de¬ 
vised methods to prolong laser life. 

The next round of tests will take place 
in 1988, when an airborne blue laser built 
by HLX will transmit to GTE’s sub-mount¬ 
ed receiver. At that point DARPA will 
transfer the program to the Navy, which 
will decide whether or not to develop the 
system for operational use. The Navy 
probably won’t move full speed ahead ini¬ 
tially. The Pentagon’s Donald Latham has 
estimated that the blue laser will cost 
from $700 million to $2 billion, but the 
= Navy plans to spend only $100 million be- 
I tween 1987 and 1992. Much of the Navy’s 
communications budget is currently de¬ 
voted to upgrading the aircraft that 
would be used for wartime transmission 
of emergency messages to missile subma¬ 
rines. This program will continue until 
late 1991. At that point, the blue laser may 
really see the light of day. 

If the blue laser goes into operation, 
communications experts expect it to com¬ 
plement ELF. The Navy will continue to 
use ELF as its bell ringer, to deliver pre- 
coded routine messages to the submarine 
fleet. Blue lasers will take over from 
transmitter aircraft the task of sending 
emergency commands meant for missile 
subs. In that role, they will offer extra se¬ 
curity, because their directional beams 
will be much more difficult to tap than 
are today’s omnidirectional radio trans¬ 
missions. □ 


T. A. Heppenheimer, a freelance writer 
based in Fountain Valley, Cal., has a PhD 
in aerospace engineering. 
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Al AIDS 

COMMUNICATIONS 

NETWORKS 


Net/Command (see “Managing computer 
communications,” p. 24). Net/Adviser is a 
rule-based system that receives network 
information in the form of situation alerts 
that show where congestion is occurring; 
it then informs the controllers of ways 
to reroute calls in order to resolve those 
problems. In its present form, Net/Advis¬ 
er only offers advice to the user, but 
the company plans to make it control the 
network directly and reroute calls 
automatically. 

At BBN Communications in Cambridge, 
Mass., AI is used in the Designet pro¬ 
gram, which employs color graphics that 
allow the network designer to experiment 
with various configurations to determine 


network, and will suggest corrective 
action. 

Other companies using artificial intelli¬ 
gence techniques for communications net¬ 
work analysis include GTE (Stamford, 
Conn.), which has a system for analyzing 
its electronic switching systems, and Digi¬ 
tal Equipment (Maynard, Mass.), which 
has an expert system called the Network 
Troubleshooting Consultant that helps 
solve customers’ local-area networking 
problems. 

For the moment, artificial intelligence 
techniques for network analysis will be 
used mainly by the telephone companies 
and the few large businesses that have 
major private networks. Software prices 


r racking faults in the telephone 
network can be like trying to find 
a needle in a haystack. AT&T esti¬ 
mates that until recently, five 
years of training was needed to learn how 
to sift through pages of computer data to 
diagnose the abnormal patterns that indi¬ 
cate faults. But AT&T’s Bell Laboratories 
(Short Hills, N.J.) has now come up with 
Automated Cable Expertise (ACE), an ex¬ 
pert system that em¬ 
bodies the experience 
of faultfinding ex¬ 
perts, along with data 
about the workings of 
the network, to simpli¬ 
fy matters considera¬ 
bly. ACE scans the ca¬ 
ble repair database, 
locates trouble spots, 
and determines their 
causes in a few min¬ 
utes. The ACE system 
is just one of several 
artificial intelligence 
systems for network 
design, control, and 
management that are 
beginning to move out 
of R&D and into the 
workplace. 

Bell Laboratories is BBN’s Designet Al system uses color graphics to help network designers experiment with various 
working on other ex- configurations, and calculates cost and utilization rates for each network. 

pert systems for net- 


work diagnosis and control. One system, 
called Nemesys (Network Management 
Expert System), will reduce congestion on 
AT&T's long-distance telephone network. 
Nemesys will take information on uncom¬ 
pleted calls and determine why they were 
blocked, and will suggest ways for net¬ 
work operators to reroute them. Another 
Bell Laboratories expert system, Trouble 
Shooter, will allow a relative novice to 
find and diagnose problems in the new 
central office-based local-area networks 
now being marketed by the telephone 
companies. 

For private communications networks, 
the Net/Adviser from Avant-Garde Com¬ 
puting (Mount Laurel, N.J.) works as an 
aid to network control in conjunction with 
a conventional monitoring system called 


the loading and costs for alternative net¬ 
works. The initial input for Designet 
comes from user surveys made by BBN 
engineers, but the company plans to re¬ 
place this “knowledge acquisition” stage 
with an expert system that will enable po¬ 
tential users to describe their network re¬ 
quirements directly to Designet. 

Another system for monitoring net¬ 
work malfunctions is the Real Time Ex¬ 
pert Analysis and Control Tool (REACT), 
under development in Livingston, N.J., by 
Bell Communications Research (Bell¬ 
core)—the research arm of the “Baby 
Bell” companies. REACT helps network 
controllers in telephone companies detect 
and resolve problems that usually must 
be handled by expert consultants. REACT 
will monitor alarms coming in from the 


are high—tens of thousands of dollars— 
and large computers or specialized work¬ 
stations are required to run the programs. 
But generalized software development 
tools for expert systems are now becom¬ 
ing commercially available so that AI 
systems need no longer be developed 
from scratch. With such tools, less expen¬ 
sive expert systems can be developed that 
will run efficiently on the more powerful 
personal computers, such as Compaq’s 
DeskPro 386, just entering the market. 
As the cost of developing artificial intelli¬ 
gence software declines, expert network 
analysis and control systems will more 
than likely become available to any 
company with a private network, rather 
than just to the large telephone compa¬ 
nies. □ —Lawrence Gassman 
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TURNING ANTIBODIES 
INTO CATALYSTS 


T* Tsing a new biotechnology tool, 
# / two research groups have recent- 

f / ly endowed one type of protein, 
V_y antibodies (“abs”), with the chem¬ 
ical properties of another, enzymes. The 
resulting “abzyme” process is now being 
studied for commercialization by IGEN in 
Rockville, Md., and could result in a sim¬ 
ple and efficient new method of designing 
and producing proteins for cancer treat¬ 
ment, genetic engineering, and chemical 
processing. 

Enzymes are catalysts that act as a sort 
of stage on which chemicals come togeth¬ 
er to form new products. About 2000 natu¬ 
ral enzymes are known, and many of them 
are vital to the chemical, food-processing, 
and pharmaceutical industries. An en¬ 
zyme contains a three-dimensional pocket 
into which the reactants’ high-energy in¬ 
termediate forms (called their transition 
states) fit snugly; such “docking” stabi¬ 
lizes the transition states and lowers the 
reaction’s energy needs so that it proceeds 
faster—in some cases, hundreds of mil¬ 
lions of times faster—than if uncatalyzed. 
One example is the blood-cell enzyme car¬ 
bonic anhydrase, a single molecule of 
which catalyzes 36 million reactions per 
minute. (The enzyme converts carbon di¬ 
oxide from the tissues into the more solu¬ 
ble carbonic acid, then back to carbon diox¬ 
ide in the lungs so it can be exhaled.) 

Antibodies are generated by the im¬ 
mune system in response to an antigen (a 
foreign cell or chemical), and work by a 
similar mechanism. That is, a portion of 
the molecule precisely fits the pattern of 
molecules jutting from a specific antigen, 
and in the process signals other immune- 
system cells to destroy the antigen. 

These similar modes of action have led 
many researchers to wonder if antibodies 
(which assume a virtually unlimited num¬ 
ber of shapes, depending on the antigenic 
“template”) could serve as catalysts. All 
one would have to do is inject a laboratory 
animal with a specific transition-state 
molecule and let the creature’s immune 
system manufacture an antibody molded 
to fit that molecule. The resulting abzyme 
would thus be able to catalyze the corre¬ 
sponding reaction. That approach, howev¬ 
er, has only recently become feasible with 
monoclonal antibody technology, in which 



the cell generat- 
i antibody 
against a specific 
antigen is isolat¬ 
ed from millions 
of other similar 
cells, and then 
cultured to pro¬ 
duce large vol¬ 
umes of the 
antibody. 

At least one po¬ 
tentially useful 
abzyme has been 
developed at the 
Research Insti¬ 
tute of Scripps 
Clinic (La Jolla, 

Cal.). Molecular 
biologists Alfon¬ 
so Tramontano, 

Kim D. Janda, 
and Richard A. 

Lerner (a mem¬ 
ber of IGEN’s sci- Immune-system proteins that mimic enymes could catalyze medi- 
entific board) in- cal and industrial reactions, says Scripps’s Alfonso Tramontano. 
jected mice with a 


chemical (called a phosphonate ester) that 
is similar in shape to, but more stable 
than, a transition-state molecule in a reac¬ 
tion called ester hydrolysis. As expected, 
the phosphonate prompted production of 
antibodies in the mice. The researchers 
isolated the antibodies and found one that 
speeded up the hydrolysis by 1000 times— 
rather slow compared to the millionfold 
capabilities of enzymes like carbonic an¬ 
hydrase, but exciting nevertheless. 
“Some people think that to be useful, an 
enzyme must speed a reaction by 100 mil¬ 
lion times or so,” says Tramontano. “But 
if there’s a reaction for which there is no 
existing enzyme, then moderately in¬ 
creased rates are useful.” 

Results were even more dramatic at the 
University of California (Berkeley), 
where chemists Peter G. Schultz, Scott J. 
Pollack, and Jeffrey W. Jacobs used an 
antiphosphonate antibody to speed ester 
hydrolysis some 15,000-fold. The group 
has since made other antibodies that pro¬ 
vide similar results in other reactions. 

One of the first commercial uses for ab- 
zymes will probably be to alter other pro¬ 
teins that, like abzymes themselves, con¬ 
sist of chains of amino acids. For example, 
it may be possible to design antibodies 
that mimic enzymes called proteases, 
which cut proteins at specific amino-acid 
sequences. Today’s proteases often lack 


the required specificity, and cut proteins 
at unpredictable sites, according to 
Tramontano. 

Healthcare offers several potential 
uses for new proteases. One designed to 
cut the protein fibrin (the major compo¬ 
nent of blood clots) may be useful in treat¬ 
ing heart disease by dissolving the clots, 
as some enzymes are known to do. Stelios 
Papadopoulos, vice-president for biotech¬ 
nology at Drexel Burnham Lambert (New 
York), suggests that others could treat 
cancer by homing in on the proteins that 
protrude from malignant cells, a process 
that might fatally damage the cell mem¬ 
brane. And an abzyme that recognizes 
and breaks a specific amino-acid segment 
in viruses might prevent them from bind¬ 
ing to target cells. 

Tramontano doubts that the abzyme 
technique will completely replace such 
methods as fermentation and chemical 
synthesis, which already produce large 
numbers of enzymes efficiently; but the 
process could complement those methods 
by providing new antibodies to speed up 
reactions that are now uncatalyzed. The 
Scripps team is now trying to enhance the 
abzymes’ selectivity and reactivity—by 
adding organic or metallic groups, for ex¬ 
ample, which are known to increase the 
attraction of some natural enzymes to 
certain molecules. □ —Ricki Lewis 
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HIGH TECHNOLOGY CLASSIFIED 


PUBLICATIONS 


NEW YORK (THE SUBURBAN) CITY 
by Leo Levko. A b&w photo essay of 
the suburban style/rural living sec¬ 
tions, including recreational facilities, 
of today's New York City. 116 pages 
with 192 recently-taken pictures and 
11 comprehensive maps to guide the 
reader through the five city bor¬ 
oughs. A durable paperback with a 
3-color cover and a stitched and 
glued binding. $8.95. Order #ISBN 
0-9614381-0-X. Ask for it in your fa¬ 
vorite bookstore. 

NOW PUBLISHED! THE ENERGY 
machine of Joseph Newman': This 
330-page book completely discloses 
the nature and construction of his 
revolutionary energy machine (as 
seen on national TV news) and pre¬ 
sents a mechanical unificaton of the 
fields. 8 1/2 x 11, 200 illustrations, 
28 photographs, ph-balanced paper, 
hard cover. $38.45 from JOSEPH 
NEWMAN PUBLISHING COMPANY, 
Dept. HT-1, Route 1, Box 52, Luce- 
dale, Mississippi 39452. Tele: (601) 
947-7147. 


Computer Supplies 

US$8.00 INCLUDING DISK THOU- 
sands name brand programs for Ap¬ 
ple, IBM/PC. Details US$1.00, RELI¬ 
ANT, P.O. Box 33610, Sheungwan 
HongKong. 



'GRAND CANYON', 2-HOUR SPEC- 
tacular helicopter exploration video. 
Breathtaking music. Critically ac¬ 
claimed. Details FREE. Beerger Pro¬ 
ductions, 3217-V25, Arville, Las Ve¬ 
gas, Nevada 89102.702-876-2328. 

CABLE TV CONVERTERS. SCIEN- 
tific Atlanta, Jerrold, Oak, Zenith, 
Hamlin. Many others. 'New' VIDEO 
HOPPER 'The Copy Killer’. Visa, M/ 
C and AMEX accepted. Toll free 1- 
800-826-7623. B&B, Inc. 10517 Up¬ 
ton Circle, Bloomington, MN 55431. 


Education 


A UNIVERSITY DEGREE CAN UN- 
lock your earning power. Complete 
your B.A., M.B.A., Ph.D., or J.D. 
Credit for Occup./Prof. experience. 
No classroom attendance required. 
Registered with California Committee 
of Bar Examiners. KENSINGTON 
UNIVERSITY, 330 N. Glendale Ave¬ 
nue, Glendale, CA 91206. In Califor¬ 
nia 800-421-9115, X38. Other 
States, 800-423-2495, X38. 


Education 


FREE COLLEGE TAPE EXTERNAL 
degree programs: Business Admin¬ 
istration, Public Administration, LAW 
(Qualify Bar Admission). Fully Ac¬ 
credited, Financial Aid, (800) 847- 
0005, (314) 426-0653. LaSalle Uni¬ 
versity, 3628 Saint Gregory, 
B52,Saint Louis, Missouri 63074. 

LEARN TO BE A TELEVISION STU- 
dio" technician: after only fourteen 
months earn your degree and a great 
career in Video. Financial Aid and 
National Placement Assistance. VID¬ 
EO TECHNICAL INSTITUTE: Dallas 
(214) 263-2613 or Long Beach (213) 
595-1660. 

BACHELORS, MASTER’S, DOC- 
torates. Guide to colleges offering 
non-residential degree programs 
through independent home study. 
Accredited, economical, accelerated 
programs. Credit given for prior ac¬ 
complishments and work experi¬ 
ences. Free detailed brochure. Write: 
Dr. John Bear, P.O. Box 11447-HT, 
Marina Del Rey, CA 90295. 

UNIVERSITY DEGREES WITHOUT 
classes! accredited bachelor’s, Mas¬ 
ter’s, Doctorates. Free Revealing In¬ 
formation. Careers-HT03, Box 
470886, Tulsa, OK 74147. 



'USE AN AD AGENCY WHO UN- 
derstands high tech.’ Full service. 
Five branch offices. COLLE & 
MCVOY, Dick Moore (612) 851- 
2539. 

CUSTOM EMBROIDERED CLOTH- 
ing. Your logo. Free set-up. 800-654- 
0777 or 615-968-7777. 

MARKET YOUR PRODUCTS AND 
services overseas through advertis¬ 
ing in foreign publications. Contact 
HR Advertising Agency, P.O. Box 
9492, Wilmington, Delaware 19809. 
(302) 762-6919. 

INCORPORATE WITHOUT LEGAL 
fees! Free booklet tells How, In¬ 
cludes Forms. Call Harvard Business 
Services Now: (800) 345-CORP. 


antiques 

ANTIQUE SCIENTIFIC & NAUTICAL 
instruments, microscopes, globes, 
telescopes, illustrated catalogs. In¬ 
troductory subscription $4. Historical 
Technology, Inc. 6S Mugford Street, 
Marblehead, MA 01945. 


Business Opportunities 

Start your own business. Catalog 
$5.00 (Refundable). PSM, Box 327, 
Nyack, NY 10960. 


For Sale 


1) DEVELOPMENT SYSTEMS: (a) 
Three KONTRON 2300 consoles, 
two 2302 slave emulators, winches¬ 
ter, floppy, network c.p., probes, 
documentation. Listed $60,000- 
asking $3,000. (b) TEKTRONIX 
8002A: software, upgraded revi¬ 
sions, listed $25,000—asking 
$2,000. 

2) NETWORKS—UNGERMAN- 
bass: six external NIU’s, transceiv¬ 
ers, winchester NSM, two main 
NIU’s, listed $40,000—asking 
$3,000. 

3) WAVEFORM RECORDERS: Bio- 
mation 8100, 25 Mhz, currently lists 
$25,000—asking $3,000. 

INFO ON ABOVE: CONTACT DEAN 
at AT-S Systems, 640 Federal, 
Brookfield, CT 06804. 1-203-SYS- 
TEMS (1-203-797-8367). 


Venture Capital 

SUCCESSFUL Al STARTUP, MAR- 
kets 'Turbo Expert’ for IBM PC, seeks 
national distribution, additional PC 
Software Products, Venture Capital 
for expansion. Write President, 
THINKING SOFTWARE, INC. 46-16 
65th Place, Woodside, New York 
11377. 


Chicago Venture Capital Club 



MAJOR MULTINATIONAL CORPO- 
ration is seeking opportunities to pro¬ 
vide funding and facilities for devel¬ 
opment and commercialization of 
novel, proprietary technology in the 
following fields: 1) artifical intelli¬ 
gence and expert systems for pro¬ 
cess plant operations, 2) Ultra-purifi¬ 
cation technology for gases and 
liquids, 3) Analytical instrumentation 
at the ppb level, 4) Cryogenic appli¬ 
cations. Please respond to Box 
#325. 


Travel 


THOSE IN THE KNOW 

B00K TRfllf ELOIflf 

r 200 CITIES WORLDWIDE ^ 

(Roundlrip from JFK, New York) 

Europe • Australia • Orient 

Sydney $1099 Melbourne SI 299 

Acapulco 329 Nice 599 

Athens 595 Paris 499 

Shanghai 810 Rio Oe Janeiro 790 

Tel Aviv 729 Tpkyo 


499 Zurich 


549, 


«««*** 

,, i-vv-lt 10 NATIONWIDE 
!>-<> outside NY 800-231-5561 
718-445-1302 718-445-8429 


Patents & Inventions 

INVENTORS: FREE INFORMATION 
on offering your inventions for sale. 
Kessler Sales Corporation, C-53, 
Fremont, Ohio 43420. 

NEW IDEA? AMERICAN PATENT IN 
Washington, D.C. will assist you 
through RESEARCH and DEVELOP¬ 
MENT! Free Kit—1-800-257-7880. 

REGISTERED PATENT ATTORNEY 
will evaluate your invention and pre¬ 
pare and prosecute patent applica¬ 
tion if patentable Invention is believed 
to exist. Edwin D. Schindler, Esq., 
1523 East 4 Street, Brooklyn, NY 
11230 or call (718) 336-9346. 

INVENTORS! CAN YOU PATENT 
and profit from your idea? Call Ameri¬ 
can inventors Corporation for free in¬ 
formation. Over a decade of service. 
1-800-338-5656. in Massachusetts 
or Canada call (413) 568-3753. 

INVENTORS! CALL AIM-WE PRE- 
sent ideas to manufacturers. For free 
information kit, 1-800-225-5800. 

PATENT AND DEVELOP YOUR IN- 
vention. Registered Patent Agent and 
Licensed Professional Engineer. 
Send for FREE PATENT INFORMA¬ 
TION. Every Inventor Should Have. 
Richard L. Miller, 12 Parkside Drive, 
Suite-T, Dix Hills, New York 11746. 
(516) 499-4343. 

INVENTIONS,IDEAS,TECHNOLOGY 
wanted! Call free 1-800-528-6050. 
Canada, 1-800-528-6060. X831. 
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TECHSTARTS 



Epitaxx’s Greg Olsen (left) and Vladimir 


EPITAXX: 

Seeking niches in 
optical communications 

Epitaxx, a semiconductor electronics man¬ 
ufacturer, produces light-emitting diodes, 
lasers, and photodetectors for fiber optics 
and infrared instrumentation. Using a pro¬ 
prietary crystal growth technique called 
vapor phase epitaxy (VPE), in which the el¬ 
ements to be deposited are introduced as 
gases, Epitaxx produces high-quality wa¬ 
fers of indium gallium arsenide phosphide 
(InGaAsP); devices made from these 
materials can emit and detect light at 
wavelengths that incur the lowest signal 
degradation over fiber optic links. Most 
competing companies use liquid phase epi¬ 
taxy, which Epitaxx claims is slower than 
VPE and thus not as well suited to mass 
production. The company also uses VPE to 
manufacture InGaAs-based detectors for 
products such as optical power meters and 
laser range finders. 

Epitaxx sells its components to telecom¬ 
munications vendors such as GTE and ITT, 
and to fiber optics companies such as 
Fibercom and Plantronics Wilcom. Com¬ 
petitors include RCA, Laserton, Fujitsu, 
and NEC. 

Financing: $1.5 million in first-round 
venture capital from Warburg Pincus and 
DSV Partners. 

Management: Cofounders Gregory Ol¬ 
sen (president) and Vladimir Ban (execu¬ 
tive VP) were research scientists at RCA 
David Samoff Research Laboratories in 
Princeton, N.J., where they developed 
VPE applications. 

Location: 3490 U.S. Route 1, Princeton, 
NJ 08540, (609) 452-1188. 

Founded: March 1984. 


ARIES TECHNOLOGY: 

Engineering workstations 
simulate prototypes 

Aries Technology markets a desktop com¬ 
puter tool, the ConceptStation, for helping 
mechanical engineers create “software 
prototypes”—3-D geometric models that 
can be tested on the computer. Such a sys¬ 
tem not only reduces the number of expen¬ 
sive hardware prototypes necessary for 
design verification, but simultaneously 
produces 3-D databases that can serve in 
later phases of product development and 


that can eventually be used to program 
manufacturing machines directly. 

Aries sells the ConceptStation in both a 
bundled version, including all the neces¬ 
sary hardware and software, and an un¬ 
bundled version, which runs on IBM PC/ 
ATs and is enhanced with a proprietary 32- 
bit 8-megaflops applications accelerator 
and graphics engine. 

Financing: $17.5 million in venture capi¬ 
tal from investors including Cummins En¬ 
gine, Prutec, ABS Ventures, Eastech, and 
First Capital Corp. of Chicago. 

Management: Larry McArthur (presi¬ 
dent and CEO) was president and co¬ 
founder of Maxitron, a manufacturer of 
factory automation systems. Gerald N. 
Christopher (cofounder, treasurer, and VP 
of finance and operations) was treasurer 
and VP of finance and administration at 
Davox, a producer of integrated voice/ 
data workstations. William Arthur 
McCray (cofounder and VP of software de¬ 
velopment) was VP of CAD/CAM Consult¬ 
ing Group. 

Location: 650 Suffolk St., Lowell, MA 
01854, (617)453-5310. 

Founded: November 1984. 


PRODUCTIVITY PRODUCTS 

INTERNATIONAL: 

Software for 
writing software 

Productivity Products International (PPI) 
has developed a software technology 
based on a proprietary language known as 
Objective-C (a “superset” of C). The lan¬ 
guage allows programmers to combine 


Ban, with a reactor used to produce 
fiber optic components. 


programming code into reusable compo¬ 
nents called software ICs that can be 
mixed and matched, much as hardware ICs 
are assembled on a printed circuit board. 
An interpreter for Objective-C called Vici 
allows software engineers to debug, test, 
and build prototypes for applications such 
as CAD/CAM, AI, and simulation. PPI pre¬ 
dicts that the most immediate impact of 
this technology will be on the design of 
icon-based graphics interfaces, which are 
costly and difficult to build using standard 
programming techniques. 

PPI’s customers include Hewlett-Pack¬ 
ard, General Motors, Siemens, Ericsson, 
Accuray, NASA, and Lawrence Livermore 
Laboratories. 

Financing: Undisclosed seed capital 
from company principals, $2.5 million in 
first-round venture capital from Oak In¬ 
vestment Partners, Lawrence Associates, 
Norstar Venture Capital, and Utech. 

Management: Tom Love (chairman and 
cofounder) was corporate director of ad¬ 
vanced programming technology at ITT, 
Dennis Sisco (president) was VP of opera¬ 
tions at Data Switch, Brad Cox (co¬ 
founder, VP, and chief technical officer) 
was a senior member of the technical staff 
at ITT, and George Sampson (VP of engi¬ 
neering) was product director of switching 
for ITT’s Defense Communications Divi- 

Location: 27 Glen Rd., Sandy Hook, CT 
06482,(203)426-1875. 

Founded: June 1983. 

—Margaret Woisard 
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Investments 


BIOTECH INSTRUMENTATION: 
A PROFITABLE NICHE 


/ nvesting in biotech firms is still some¬ 
what risky; most of them face little or 
no near-term earnings because of the 
time required for R&D, clinical test¬ 
ing, and regulatory approval of new prod¬ 
ucts. But companies that provide research 
equipment and supplies to these firms do 
offer a profitable investment area. 

Prospects for market growth in biotech 
supplies are based on two factors. Any 
biotech laboratory must have equipment 
suitable for handling and analyzing the 
fragile materials (such as tissues, cells, 
and proteins) involved in its research. And 
the size of budgets devoted to biotechnol¬ 
ogy R&D is growing, particularly as gov¬ 
ernment agencies and large pharmaceuti¬ 
cal, agricultural, and chemical firms such 
as Eli Lilly, Johnson & Johnson, Mon¬ 
santo, and Du Pont enter the field. 

In the past three years, several instru¬ 
ments that increase the efficiency of bio¬ 
tech research have reached the market. 
For example, protein sequencers (instru¬ 
ments used to analyze the composition of 
proteins) and DNA synthesizers (instru¬ 
ments that can automatically build cus¬ 
tomized DNA chains) have enabled scien¬ 
tists to quickly identify and mass-produce 
genes of interest. In addition, general- 
purpose analytical instruments, such as 
liquid chromatographs and electrophore¬ 
sis equipment, have been substantially 
improved and optimized for the needs of 
the biotechnology researcher. The market 
for these types of instruments and related 
supplies is currently about $450 million, a 
figure that should double within four 
years, according to L. F. Rothschild, Un- 
terberg, Towbin (New York). 

A number of large companies, includ¬ 
ing Du Pont and SmithKline Beckman, 
have traditionally supplied equipment to 
biological laboratories. But several more 
specialized firms—including Applied Bio¬ 
systems (Foster City, Cal.) and Pharmacia 
(Uppsala, Sweden)—have developed repu¬ 
tations for successfully marketing inno¬ 
vative products specifically directed to 
the needs of biotech R&D. 

Applied Biosystems (otc: abio) is 

the leading supplier of automated chemis¬ 
try instrumentation to biotech labora- 


by Teena L. Lemer 


tories. The company’s strategy has been 
to offer products generally selling be¬ 
tween $50,000 and $100,000, that increase 
the efficiency of crucial, repetitive bio¬ 
chemical procedures. For instance, this 
year the company will be the first to intro¬ 
duce a device that automates the biochem¬ 
ical analysis of DNA to determine its ge¬ 
netic code, probably the most commonly 
performed procedure in molecular biolo- 


genetic engineering are proteins, Phar¬ 
macia now faces a major growth opportu¬ 
nity as its customers move to commercial 
production. Anticipating such growth, the 
company recently created a division to ca¬ 
ter to large-scale users. In addition, Phar¬ 
macia has formed a joint venture with 
Alfa-Laval, another Swedish firm, to of¬ 
fer specialized fermenters and other pro¬ 
duction equipment for use in manufactur- 



gy labs today. Other processes automated 
by the company's most recently intro¬ 
duced products include the analysis of 
numerous samples for their amino acid 
composition, and the extraction and puri¬ 
fication of DNA from blood, tissue, or oth¬ 
er biological materials. 

Revenues in fiscal 1986 were $51.7 mil¬ 
lion, with profits of $10.4 million and 78^ 
earnings per share. These figures should 
climb in 1987 to an estimated $90 million in 
revenues, $14 million in profits, and earn¬ 
ings per share of $1.04. 

Pharmacia (OTC: PHABY) is the lead¬ 
ing supplier of materials and equipment 
used to purify proteins and other large 
molecules by liquid chromatography, a 
technique that separates molecular mix¬ 
tures into pure samples. The company is 
well entrenched in research labs, which 
use its systems for purifying small 
amounts of protein for experimental pur¬ 
poses. Because virtually all products of 


Applied Biosystems manufactures a 
variety of biotech instruments, including 
the protein sequencers shown here. 


ing genetically engineered products. 

Pharmacia’s revenues are estimated to 
have climbed from $400 million in 1985 to 
$520 million in 1986; some 30% of this busi¬ 
ness is derived from biotech supply, and 
the remainder from pharmaceuticals, hos¬ 
pital supply, and diagnostic products. 
Profits are also estimated to have risen in 
this period from $73 million to $90 million, 
and earnings per share from $1.10 to 
$1.40. For 1987, the picture is less clear be¬ 
cause the company is now making several 
major acquisitions; once these are com¬ 
pleted, opportunities for growth should 
be strong. □ 


Teena L. Lemer is a vice-president at 
L. F. Rothschild, Unterberg, Towbin (New 
York), where she covers biotechnology 
stocks. 
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Move Your High-Tech Firm To New Jersey And... 

CATCH A RISING STAR! 


Extraordinary high-tech developments in 
New Jersey are opening up immense 
opportunities for new high-growth 
companies, particularly those in electron¬ 
ics, communications, robotics, and 
biotechnology. 

Top High-Tech Ranking 
But don't think for a moment that New 
Jersey is o newcomer to high technology. 
It has long held the distinction of having 
the notion’s fourth highest concentration 
of high-tech firms. It also ranks fourth na¬ 
tionally in R&D expenditures. And there 
are more than 100,000 scientists and re¬ 
searchers in New Jersey, the highest per 
capita in the country. 

Advanced Technology Centers 
Already a leader in collaborative 
acodemic-industrial research efforts, New 


Jersey is now establishing five "world 
class" centers at leading universities to 
stimulate even closer relationships. The 
centers — which may be fully operational 
within three years — will be in the fields of 
biotechnology and medicine, telematics, 
industrial ceramics, food processing, and 
hazardous waste management. They will 
elevate the quality of research in New 
Jersey to a new high! 

World's Fastest Supercomputer 
New Jersey's high-tech leadership was 
further enhanced by the National Science 
Foundation's selection of Princeton Univer¬ 
sity os the site for the world's most power¬ 
ful supercomputer. One hundred times 
faster than any supercomputer now in 
use, it will hove an incalcuable effect 
upon scientific research, as well as New 
Jersey's star-bright high-tech future. 


Write or Call 

For all the reasons why New Jersey is 
now the premier high-tech state, send for 
our free literature. " Brainpower .- High 
Technology in New Jersey" documents 
New Jersey's high-tech advantages with 
facts, figures, and cose histories. Our 
" Site-Finders Guide" details the depth 
of PSE&G's free location services. Call 
1-201-430-6861. Or staple your business 
cord to your letterhead or this advertise¬ 
ment. Moil to: John Maddocks, PSE&G, 
Area Development, Department H-302, 
RO. Box 570, Newark, N.J. 07101. 


In New Jersey, We Not Only Work Harder...We Work Smarter! 

C PSEG 

Circle No. 17 on Reader Service Card. 




A complete list 
of things to know about 
2400bps modems. 



l W 5 ' 


Now that you've memorized 
that, here's a partial list of why a 
Hayes® Smartmodem 2400™ is 
best for you. 

1. The Hayes Smartmodem 
2400 allows you to communi¬ 
cate with the vast installed- 
base of 300,1200 and 2400 
bps "Hayes-compatible" 
modems. The Hayes 
Standard "AT" Command Set 
allows you to use Smartcom II® 
and other software that com¬ 
municates. 

2. Through synchronous/ 
asynchronous technologies, the 
Smartmodem 2400 permits your 
PC to access mainframes, minis, 
and on-line services previously 
inaccessible through asyn¬ 
chronous-only modems. 

3. The Hayes Smartmodem 
2400 is efficient.. .it pays for 


itself in just 4 hours of annual 
use over long distance. 

4. The technology of the 
Smartmodem 2400 allows you 
to transfer volumes of files with 
confidence across the city or 



Hayes 


across the ocean using Bell and 
CCITT standards. 

5. The new Smartmodem 
2400B™-a plug-in board for the 
IBM PC and compatibles—allows 
synchronous and asynchronous 
communication through 
the same Com port. 

6. You will also get 
the Hayes standard 
2-year limited warranty and the 
opportunity to extend the war¬ 
ranty to 4 years. 

Best of all.. .you get Hayes. 
And that's all you ever really 
have to know! 

For more information or tech¬ 
nical specs, contact your author¬ 
ized Hayes dealer. Or Hayes 
directly at (404) 441-1617. 

Hayes Microcomputer 
Products, Inc., P.O. Box 105203, 
Atlanta, Georgia 30348. 







